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INTRODUCTION 
For many years agronomists have directed considerable attention 
toward relating specific forms of soil K to their availability for plant 
utilization. The water soluble and exchangeable forms of soil K are most 
directly available for plant use. Since the water soluble fraction is a 
relatively small portion of the total of these two forms, it is normally 
not determined separately but is included in determinations of exchange­
able soil K. Varying degrees of success have been encountered in relating 
exchangeable soil K to plant uptake of K. 
The amount of soil K held in the exchangeable form at a specific 
time may represent only a fraction of the total required for crop produc­
tion. As a result, the K fertility status of different soils has often 
been evaluated by their ability to supply K which was not originally in 
the exchangeable form. Since the ability of a soil to supply K, not 
originally exchangeable, may not be directly reflected in the quantity 
of exchangeable K, tests on soil providing an index of the "K supplying 
power" often improve correlations between soil K and K taken up by plants. 
Relatively large quantities of K may be returned to the soil in the 
unharvested portion of many crop plants resulting in a supply of K which 
may not be taken into account by soil analysis. Since the amount of K 
returned in this form is a function of the crop grown and the system of 
residue management, total quantities returned in residues may be determined. 
Unlike other macronutrients contained by residue materials, the availa­
bility of K added to soils in this form has received very limited atten­
tion. 
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The general objective of the present study was to determine the 
availability of K, contained by crop residue materials, to growing plants. 
The findings can be expected to contribute to a more efficient utilization 
of applied fertilizer K through more timely applications and improved 
estimates of the K requirements of specific crops. Specific objectives 
were: (1) to determine the magnitude of K diffusion from a residue source 
into the surrounding medium, (2) to evaluate the influence of residue 
particle size on the availability of K added in a residue form, (3) to 
determine the quantity of K available from crop residues compared to a 
standard fertilizer K source, and (4) to evaluate the importance of K 
added in crop residues under field conditions. 
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REVIEW OF LITERATURE 
Within the past ha If-century a number of significant contributions 
have been made toward an increased understanding of the soil-plant rela­
tionships relating to potassium. Much effort has been directed toward a 
basic understanding of the various forms in which potassium occurs in 
soils. Since the forms of occurrence and their interrelationships exert 
a significant influence on the amount of this element available for plant 
utilization, it is to be expected that a continuing effort would be made 
relative to these relationships. 
In general the total potassium content is usually divided into the 
following categories: (1) soluble or soil water K, (2) exchangeable or 
adsorbed K, (3) fixed K or that which is not directly exchangeable, and 
(4) lattice K or native K (Wiklander 1954). These divisions, while 
providing a means of categorizing soil K, are arbitrary in that the 
absolute quantities associated with a particular form are difficult to 
measure and usually are defined in terms of the procedure employed in 
their determination. Barshad (1951) and Hanway £t £l. (1957) point out 
that K may be fixed in 2:1 type clay minerals x^en the normally expanded 
lattice is contracted with the cation entrapped between the lattice layers. 
As indicated by Barshad, K fixed in this manner is not replaceable by 
cations that are unable to expand the lattice. This worker proposed 
that the term "nonreplaceable" be applied to any cation resisting replace­
ment during any kind of a base-exchange reaction, while the term "fixed" 
cations be applied to those present in a mineral with a contracted type 
layered lattice resisting replacement by cations that are unable to expand 
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the lattice. 
Forms of Soil Potassium Used as a Criterion in 
Determining Plant Responsiveness to K Additions 
Most plants have the ability to absorb relatively large quantities 
of K when the content is high in the absorption medium. Bartholomew and 
Janssen (1931) measured the short term absorption rates of K by corn 
plants from a nutrient solution. Extrapolation of the measured rate, 
when the concentration was 50 parts per million of K, to a population of 
7,000 plants per acre, resulted in a calculated rate of 150,000 pounds of 
K per acre within a 24 hour period. Obviously plants are unable to absorb 
K at this rate under natural conditions since soils cannot maintain the 
K concentration in the soil solution in the immediate absorption area of 
the root at a level leading to such high absorption rates. 
The amount of K in the soil solution at a given time is usually not 
sufficient to meet the major part of the requirements of a crop. However, 
Hood a_l. (1955) correlated the K in the soil solution with yield and 
K uptake by ladino clover and found soil solution K, as measured by mixing 
equal weights of soil and water, to be better related than was exchange­
able K. Anderson e_t al^. (1942) reported values in the range of 1 to 10 
parts per million of K^O, on the soil basis, from displaced soil solutions 
of a number of humid area soil samples. The K content of the soil solution 
was from 0.5 to 7.8 percent of the exchangeable plus soluble value. Thus, 
assuming that the major portion of the K taken up by the plant is absorbed 
through the solution medium, the productiveness of a soil, with respect 
to K, must depend to a large extent on its ability to maintain a concen­
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tration of K in the soil solution adequate to meet the demands of the 
plant. 
A number of investigations have been conducted in an effort to relate 
a particular form or forms of soil K to that available for plant utiliza­
tion. Frequent reference is found in the literature to the probability 
of the existence of an equilibrium between some or all of the various 
forms of K in the soil. Good discussions on this point are to be found 
in the reviews of Reitemeier (1951) and Wiklander (1954). Nelson (1959) 
compared several methods for evaluating the K status of some Mississippi 
soils. The best correlations between K uptake by plants and the amount 
of extracted soil K were obtained with those chemical methods measuring 
exchangeable K. The finding of equal correlations regardless of whether 
exchangeable K was determined before or after cropping lead to the con­
clusion that exchangeable K in the soil must have been in equilibrium with 
a source of moderately available or nonexchangeable K. 
Release of exchangeable and nonexchangeable forms of K has been 
investigated by a number of workers (Chandler e_t a_l. 1945, Evans and 
Attoe 1948, Legg and Beacher 1952, Pearson 1952, and Rouse and Bertramson 
1949). The method of investigation usually consisted of growing a series 
of different crops or several harvests of the same crop under greenhouse 
conditions with subsequent determination of total K removal. By deter­
mining the exchangeable K before and after cropping the amounts released 
from nonexchangeable sources were then calculated. The general findings 
were that different soils vary widely in their ability to supply K to 
plants which was nonexchangeable prior to cropping. In addition, exchange­
able K was not necessarily related to the ability of soils to release 
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nonexchangeable K on intensive cropping. 
Gholston and Hoover (1948) found that more than 50 percent of K 
removed by eight successive crops of German millet from several 
Mississippi and Alabama soils was derived from nonexchangeable sources. 
Exchangeable K had essentially reached a minimum level by the seventh 
and eighth crops. From 39 to 87 percent of the K removed from the soil 
by 12 crops of agricultural plants came from forms that were nonexchange­
able at the beginning of the study in work reported by Stewart and Volk 
(1946). This investigation was conducted using 10 Alabama soils. Pope 
and Cheney (1957) examined the K supplying power of several western 
Oregon soils. Utilizing a nitric acid extractant, these investigators 
found a high correlation (r=0.959) between K extracted and the amount of 
K removed from the soils by successive cuttings of ladino clover. The K 
released from nonexchangeable forms by HNO^ was highly correlated with 
the amount released during greenhouse cropping (r=0.937). The correlation 
coefficient for the total amount of K removed by the clover and the 
exchangeable K in the soil before cropping was 0.852. A very low cor­
relation (r=0.174) was found between exchangeable K and nonexchangeable 
K released on cropping. 
In view of the varying degrees of success reported in the literature 
relating to the correlation between K availability as measured by plant 
uptake and the exchangeable form of K in soils, Pratt (1951) rationalized 
that if soils were not strongly weathered then exchangeable K should 
serve as a good criterion, but in strongly weathered soils the proportion 
of K used by plants from nonexchangeable forms should be comparatively 
high. Pratt based this conclusion on greenhouse studies of Iowa soils 
in which virtually all of the variation in the K supplied to plants was 
accounted for by chemical measurements of exchangeable K and rates of K 
release from nonexchangeable forms. Schmitz and Pratt (1953), working 
with 18 Ohio soils, report similar findings. Hoagland and Martin (1933) 
concluded that at very high levels of absorption of K by a crop, most of 
the K removed from the soil is normally accounted for by loss of exchange 
able K. At lower levels, nonexchangeable forms of K assumed greater 
importance. 
An adequate supply of K may or may not be afforded after exchangeabl 
K reaches a minimum level, depending on the solubility of other forms. 
Bray (1944), employing a modified form of the Mitscherlich equation, 
used exchangeable K in Illinois corn belt soils as a measure of K avail­
ability with the finding that this gave a good fit where yields were 
expressed on a percentage basis. 
It has been definitely established that on many soils drying serves 
to increase the exchangeable K level. Several investigators (Barber 
et al. 1961; Hanway ^  al^. 1961, 1962; and Luebs 1954) have shown con­
clusively that, on the soils examined, exchangeable K on undried soil 
samples provided a superior index to the amount of K taken up by plants. 
In a preponderance of the work reported in this review, exchangeable K 
has been determined on samples that were dried prior to the analysis. 
In view of the finding that drying may greatly alter the exchangeable K 
of soils, a quantitative interpretation of these data is made quite 
difficult. 
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Influence of K Added in Organic 
Residues on the K Content of Soils 
Potassium, unlike other macrometabolic mineral elements required by 
plants, is not definitely known to be built into organic compounds essen­
tial for the existence of the plant. It occurs in plants primarily as 
soluble inorganic salts, although K salts of organic acids are found in 
plant cells. 
A considerable amount of K may be returned to soils each year in the 
unharvested portion of the above ground parts of plants as well as the 
root system. It is to be expected that this action would lead to a 
particular manifestation of K in the soil system. 
Distribution in the soil profile 
A thorough examination of the exchangeable K distribution in a 
number of soil profiles has been conducted by Ayres and Fujimoto (1944) 
in Hawaii on the island of Oahu. Substantial differences in the distribu­
tion of exchangeable K within the soil profile were found to exist when 
cropped and uncropped areas were examined. The decrease in exchangeable 
K with depth in the uncropped soil was quite pronounced, whereas that in 
the corresponding cropped soi], is relatively very slight. Napier grass 
was grown on the cropped soil. An uncropped soil having some vegetative 
growth may experience an increase in the exchangeable K content of the 
surface layer by deposition of aerial portions of the plant either through 
death of the plant or sloughing of dead cells. Leaching would then 
create a downward movement of K, the degree of movement being a function 
of rainfall and soil properties. A considerable gradient was found in 
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the soil profile on sugar cane producing soils similar to that encountered 
in uncropped areas. These workers measured a return of K equivalent to 
300 pounds of K^O from a 100-ton-crop as a result of returning the ash 
from dead plants and dead upper leaves. Lilleland (1932) conducted an 
analyses of soil profiles from 21 prune orchards and found a marked reduc­
tion with depth in the water-soluble and exchangeable K. No change in 
the total K content with depth was observed. Differences in the water-
soluble and exchangeable forms were attributed to leaf drop from the prune 
trees. 
Hanway et a_l. (1961, 1962) report a generally declining level of 
exchangeable K with profile depth in soils of the North Central Region 
when exchangeable K was determined on field moist samples. Including the 
exchangeable K levels in the subsoil layers as an independent variable 
in multiple regression equations generally was found to improve the degree 
of correlation between K uptake by plants or yield and exchangeable K 
levels in the soil. 
Volk (1940) examined the effectiveness of growing winter legumes 
to prevent leaching K to lower profile depths. Over an eight year period 
plots cropped continuously to cotton lost a considerable quantity of 
exchangeable K to depths below eight inches. Exchangeable K was determined 
before and after eight years of cropping, at three profile depths, using 
ammonium as the replacing ion. Including a winter legume in the rotation 
reduced the amount of leaching of applied K below the eight inch depth 
from 20.2 percent under continuous cotton to 3.1 percent. 
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Loss of K from decomposing plant material 
Tam and Magistad (1936) conducted investigations on the chemical 
changes occurring during the decomposition of pineapple trash under 
field conditions, A top growth of 100 tons per acre, on a wet basis, was 
shredded and allowed to decompose for a period of 35 weeks which included 
the period of highest rainfall. Exchangeable K in the surface foot of 
soil increased from 0,31 to 1,03 meq, K^O per 100 grams of soil during 
this period. On soils of this region a response to K additions normally 
does not occur when the exchangeable K level exceeds 0,5 meq, per 100 
grams of soil. Thus, K additions from the residue increased the exchange­
able K level in the soil to a point well beyond that where K fertiliza­
tion would be needed, 
A lysimeter type of study was conducted by Harley et al^. (1951) by 
examining nutrient release from dry orchard grass not in contact with 
soil, A marked reduction in percent K in the plant material, expressed 
on a dry matter basis, was observed during a period of approximately one 
year. The percent K of the dry matter decreased from 2,33 to 0.246 
percent in one case and from 2,02 to 0.544 percent in another. This 
corresponds to a release of 29,34 pounds of K from one ton of air-dried 
material in the first example and 31.54 pounds of K in the second, Shaw 
and Robinson (1960) incorporated soybean hay and wheat straw in a Kolston 
sandy loam soil in outdoor lysimeters. Soybean hay added to the lysimeter 
contained 760 pounds of K per acre and wheat straw contained 188 pounds 
of K per acre. Over a three year period, an amount of K equivalent to 
30 to 35 percent of the total K added in soybean hay was leached through 
the lysimeter. An amount equivalent to 19 percent of the total K added 
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in wheat straw was leached through the lysimeter when no other material 
was added with the residue. The remainder was assumed to have been 
retained by the soil. Addition of 179 grams of monoammonium phosphate 
per 100 pounds of soil resulted in leaching of K equivalent to 62 percent 
of the total K added in the wheat straw. These results can perhaps best 
be explained by considering the relatively low base exchange capacity 
of the soil employed. There were large differences in total amount of K 
added in the two residues. Base saturation of the soil was undoubtedly 
considerably higher where soybean hay was added, thus more soluble K 
was present with the resultant leaching of the material through the 
lysimeter. Addition of monoammonium phosphate in addition to wheat straw 
could have accounted for a similar occurrence by competition for exchange 
sites. 
Genera 1 characteristics 
The beneficial effect of K added in crop residues on the more avail­
able forms of soil K has been recognized for quite sometime. Blair (1919) 
recommended that crops such as rape, Canada field peas, barley, buckwheat, 
and soybeans be included in the planning of rotations to serve as a source 
of available K for subsequent crops. Conner and Abbott (1912) noted 
improved yields as a result of fresh straw turned under in studies of 
"black soils" of Indiana. Since the wheat and oat straw contained from 
0.7 to > 1.0 percent of highly soluble K it was assumed no further explana­
tion was necessary for organic soils deficient in K. 
Several investigators (Gourley 1941, Harper 1952, Hunter and Hammer 
1952, Larson and Beale 1961, and Sears 1933) have presented data relative 
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to K added in plant residues. It is generally demonstrated by these 
workers that K added in the form of mulching material or crop residues 
enhances the more available forms of K in the soil. 
Data have been presented by Wander and Gourley (1938) which shows 
the exchangeable K level in soils to be very high to a depth of from 24 
to 32 inches as a result of maintaining a heavy wheat straw mulch on 
orchard soils for a period of 22 to 38 years. This was in contrast to 
lesser amounts found under adjacent bluegrass sod and much smaller amounts 
under plots in cultivation with cover crops. Moser (1942), reporting on 
the influence of leguminous plant additions, found that eight annual 
applications of rye and vetch, in rotation with cotton, increased the 
exchangeable K level in soil from 64 to 107 parts per million. Three 
annual applications of four tons of crimson clover, incorporated or added 
as a mulch, increased exchangeable K from 54 to 145 and 54 to 142 parts 
per million, respectively. Hoagland and Martin (1933), in schematic form, 
took note that nonexchangeable K absorbed by a crop may build up the 
exchangeable form if the crop is returned to the soil. 
Mulches of straw and alfalfa have been shown by Kenworthy (1954) 
to increase the K content of cherry leaves. The increase resulting from 
these mulches with no fertilizer additions was greater than that from 
additions of complete fertilizers. Analysis of soils showed a correspond­
ing increase in soluble K forms. Patterson (1960) has presented the 
results of studies on the use of wheat straw plowed in or composted at 
the rate of 53 cwt. per acre every second year and NPK fertilizers in the 
maintenance of fertility at Rothamsted between 1933 and 1958. Yield of 
potatoes was found to be approximately equal as a result of adding K 
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fertilizer or an equivalent amount of K in the straw. 
Dumenil et a_l, (1954) have recognized many of the practical implica­
tions of K contained in plant material by stiuplating that the crop to be 
fertilized should be considered when the size of application is determined. 
For example, alfalfa may remove K by luxury consumption if relatively 
large amounts of soluble K are present. Since essentially all of the above 
ground parts of the plant are removed, considerable losses may be incurred 
as a result. Much more efficient utilization of added K for alfalfa 
could be obtained by smaller annual applications as a top dressing. If 
large applications of K are to be made they should be added to com since 
only about one-fifth to one-fourth of the K in the plant would be removed in 
the grain. 
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MA.TERIA.LS AND METHODS 
Greenhouse Studies 
A series of three experiments were conducted under greenhouse condi­
tions during the course of this study on 4/19/63 to 8/27/63, 1/9/64 to 
6/5/64, and 6/23/65 to 12/7/65. The general procedure consisted of 
growing common ryegrass (Lolium multiflorum) for a relatively long period 
of time with several intermediate harvests. Imposed treatments were 
evaluated by dry matter production, nutrient composition of plants, and 
total nutrient uptake. 
Culture technique 
Cultures for the experiments were constructed by placing a layer 
of clean quartz sand in the bottom of number 10 cans previously fitted 
with double polyethylene bags functioning as linings. The amount of sand 
(from 1400 to 1700 grams) placed as the bottom layer of the cultures 
was constant within an experiment but varied somewhat from one experiment 
to the next. Nutrient additions, other than K, were made to the bottom 
sand layer by placing 16.5 cm. lengths of 1 1/4 cm. diameter plastic 
garden hose in the center of each can approximately 1 1/4 cm. from the 
bottom. Field moist soil, equivalent to 1500 grams of oven-dry soil, was 
weighed and subsequently placed in the cans. 
In the first two experiments, ryegrass was grown in a sand medium 
prior to setting up the cultures. This was accomplished by seeding 
approximately 200 ryegrass seeds in 830 grams and 600 grams of clean 
quartz sand for the first and second experiments, respectively. The sand 
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was held by cardboard retainer rings, constructed to the same diameter 
as the number 10 cans and placed on a greenhouse bench covered with a 
plastic sheet. Plant growth was maintained in the sand medium by periodic 
additions of a nutrient solution described by Hoagland and Martin as 
reported by Meyer and Anderson (1952) and a microelement solution essen­
tially of the composition reported by the latter authors. Plants were 
allowed to grow in the sand culture rings for approximately three weeks, 
during which time a dense network of roots were formed. Just prior to 
transferring the sand rings to the pot cultures, the ryegrass was clipped 
to approximately 3 3/4 cm. from the top of the sand medium. The sand 
cultures were then placed on a fine screen and leached with large quanti­
ties of distilled water to remove the retained nutrient solution. A hole, 
of the approximate outside diameter of the garden hose, was then made with 
a cork borer in the center of the sand culture for the access tube. 
Following these operations the cardboard retainer rings were removed and 
the sand cultures were placed on top of the previously potted soil. 
Ryegrass seeds were seeded directly to 500 grams of clean quartz 
sand already in place on top of the potted soil in the third experiment. 
The soil plus sand contained in each culture held approximately one 
pound of water between field capacity and a moisture content where first 
visual symptoms of wilting of the ryegrass occurred. The moisture level 
in the cultures during the experimental period was maintained, with few 
exceptions, in the upper one-half of this range by periodically weighing 
the cultures and the addition of deionized distilled water. 
16 
Treatments employed and expérimenta 1 designs 
The N, P, and K composition of the various crop residues used is 
presented (Table 1). Corn and soybean residues were selected from mature 
plants while the alfalfa residue consisted of plants harvested for hay 
(when plants were in approximately one-third bloom). The upper three to 
four and the lower one to two internodes and nodes of the corn stalks 
employed in all studies were discarded in order to obtain a more uniform 
stalk diameter. In the first experiment, corn stalks were cut into seg­
ments of the desired length irrespective of nodes and internodes. However, 
since the K composition of corn stalk nodes is considerably higher than 
the corresponding internodes, nodes and internodes were separated in 
later studies in an effort to reduce the error resulting from this source. 
In the second experiment corn stalk nodes and internodes were oven-dried 
and weighed separately to determine the fractional part by weight of the 
total for each. This was 0.2698 for nodes and 0.7302 for internodes. 
Nodes and internodes were added as residue treatments in this proportion 
to give the desired quantity of K to be added to each culture. Internodes 
were cut to approximately 4 cm. lengths. Only corn stalk internodes were 
used as residues in the third experiment. 
Mature soybean plants were collected from the field and separated 
into stems and hulls for residue additions in the second experiment. 
These materials were oven-dried and the proportion of each to the total 
by weight was determined. This was 0.5465 for the stems and 0.4535 for 
hulls. As with corn stalks, these materials were added to cultures in 
this proportion to give the desired quantities of K. Stems were cut to 
17 
Table 1. Composition of crop residues employed as sources of K in the 
greenhouse experiments 
Residue %N %P %K 
1st experiment 
Corn (stalks) 1.17 0.140 0.760 
2nd experiment 
Corn (stalk internodes) 0.59 0.020 0.645 
(stalk nodes) 0.80 0.040 1.185 
Soybean (stems) 0.84 0.045 0.600 
(hulls) 0.90 0.040 1.500 
Alfalfa (whole plant) 3.43 0.315 2.580 
3rd experiment 
Corn (internodes) 0.56 0.035 0.820 
Corn (internodes) K-enriched 0.40 0.015 6.840 
approximately 4 cm, lengths and entire hulls were added. 
Alfalfa was oven-dried and added as the whole plant (stems and 
leaves) to cultures at rates giving the desired quantities of K, Alfalfa 
stems were cut into approximately 4 cm. segments. 
All residues were thoroughly mixed with the soil prior to potting. 
Potassium as KCl was added in solution in a circular band on the surface 
of soil prior to placing the ring cultures of sand over the soil. 
In the first greenhouse experiment four segment sizes, (1) finely 
ground to pass a screen opening of 1 mm. diameter, (2) entire stalks cut 
into segments 3 cm. in length and divided into 4 pieces the length of the 
segment, (3) entire stalks cut into segments 3 cm. in length, and 
(4) entire stalks cut into segments 6 cm. in length, were added to cultures 
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at rates of 5 and 10 tons per acre (two million pounds of soil). With 
the control-check treatment, this provided rates of K additions of 0, 57, 
and 114 mgm. of K per culture. Cultures were arranged on the greenhouse 
bench in a completely randomized design with four replications giving a 
total of 36 cultures. 
Treatments for the second greenhouse experiment consisted of a 4 X 5 
factorial combination of four K sources (corn stalk residue, soybean 
residue, alfalfa, and a C. P. grade of KCl) added on an equivalence of K 
basis at rates of 0, 50, 100, 150, and 200 pounds of K per acre (pp2m), 
These rates resulted in K additions of 0, 37.4, 74.8, 112.2, and 149.6 
mgm. of K per culture. Cultures were arranged on the greenhouse bench 
in a randomized complete block design with four replications. 
Potassium sources in the third greenhouse experiment consisted of 
corn stalk internodes approximately 3 cm. in length, corn stalk inter-
nodes approximately 1.5 cm. in length enriched with K, and a C. P. grade 
of KCl. The enrichment procedure was carried out by soaking the inter-
node segments in 0.5 M KCl in an evacuated dessicator for 24 hours. The 
K enriched segments were reduced in length to facilitate a uniform dis­
tribution of K throughout the length of the residue material. Treatments 
consisted of a factorial combination of three K sources and five levels 
of addition i.e., 0, 50, 100, 200, and 400 pounds of K per two million 
pounds of soil. These rates correspond to 0.0, 37.4, 74.8, 149.6, and 
299.2 mgm. K added per culture. 
Nutrients other than K were added to the bottom sand layer in solu­
tion through the access tube with the exception of two additions of N 
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during the third experiment. One hundred and fifty mgm. of N per culture 
as Ca(N0g)2'4H20 was added in solution and mixed with the soil prior to 
potting for this study in an effort to alleviate the N immobalization 
resulting from large additions of residue to the soil. An additional 75 
mgm. N per culture was added to the top sand layer on July 2 after visual 
N deficiency symptoms were observed on the treatment receiving the largest 
quantity of residue. Times of addition and quantities added, of nutrients 
other than K, in the greenhouse studies are shown (Table 2). C. P. grades 
of Ca(N02)2, Ca(H2P0^)2"H20, and MgSO^*7H20 were added as sources 
of N, P, and S, respectively. Solutions containing microelements as 
reported by Meyer and Anderson (1952) were employed but were modified to 
the extent that sulfate salts of zinc and copper were used. 
Soils 
Soils employed in the greenhouse studies were all collected from 
the rotation-fertility experiment located at the Carrington-Clyde experi­
mental farm in Buchanan county. Bulk samples from the 0-6 inch depth were 
collected from plots 10, 68, 72 for the first, second, and third green­
house experiments, respectively. Soil from plot 10 was collected in early 
spring, 1963 following second year corn of a corn (C), corn (C), oats (0), 
meadow (M), and meadow (M) rotation. Bulk samples from plots 68 and 72 
were collected in the fall of 1963 and 1964, respectively, following the 
second year meadow of a CCOMM rotation. All plots from which bulk 
samples were collected were check plots i.e., no nitrogen had been applied 
during the duration of the experiment. Fertilizer (P and K) had been 
applied according to procedures outlined in a later section. 
— ^  -
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Table 2. Dates of harvest and nutrient additions, other than K, to the 
greenhouse cultures for the three experiments 
1st experiment 
Harvest dates: 5/2/63, 5/20/63, 6/11/63, 7/1/63, 7/26/63, and 8/27/63 
N additions: 5/2/63 (60)*,  5/11/63 (60), 5/20/63 (60), 6/13/63 (60), 
7/4/63 (60),  and 7/26/63 (60) 
P additions: 5/2/63 (26),  5/20/63 (26),  6/13/63 (26),  and 7/4/63 (26) 
Microelement solution: 7/16/63 
2nd experiment 
Harvest dates: 1/27/64, 2/17/64, 3/9/64, 4/6/64, 5/7/64, and 6/5/64 
N additions: 1/20/64 (60), 1/28/64 (60), 2/8/64 (60), 2/19/64 (60),  
3/9/64 (60),  3/20/64 (60),  3/27/64 (60),  4/7/64 (60),  
4/13/64 (60),  4/27/64 (60),  5/8/64 (60),  and 5/15/64 (60) 
P additions: 1/18/64 (26),  2/7/64 (26), 2/21/64 (26), and 3/20/64 (26) 
3rd experiment 
Harvest dates: 8/3/65, 9/2/65, 10/8/65, 11/12/65 and 12/7/65 
N additions: 6/22/64 (150)^,  7/2/65 (75)^, 8/4/65 (150),  9/3/65 (150), 
10/8/65 (150), and 11/13/65 (150) 
P additions: 7/12/65 (26),  8/4/65 (26),  9/3/65 (26),  10/8/65 (26),  
and 11/13/65 (26) 
S additions: 9/14/65 (30), 10/2/65 (30), 10/15/65 (30), and 11/13/65 (30) 
Microelement solution: 9/3/65, 10/8/65, and 11/13/65 
^Values in parenthesis are in units of mgm. of the nutrient element 
per culture. 
^Not added to the bottom sand layer. 
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Bulk samples were placed in large polyethylene bags and sealed, to 
prevent drying of the soil, at the time they were collected in the field. 
Where a storage period occurred prior to potting the soil, storage was 
affected outside under cold shaded conditions. In most cases, soils 
remained in a frozen state during storage. 
Prior to potting, soils were screened through a one-fourth inch mesh 
screen and thoroughly mixed in order to attain uniformity. Small samples 
were collected for moisture determination and laboratory analysis. 
The soil in this field experiment, from which the bulk samples were 
collected, was classified as a transition area between the Kenyon and 
Floyd series. Kenyon soils occur on slopes of 1 to 15 percent but ranges 
of 2 to 5 percent are most extensive. These soils are moderately well 
drained and occur on the convex ridges and swells on the gently sloping 
uplands. The surface layer is a very dark brown loam, 9 to 14 inches 
thick unless eroded. The upper subsoil is a moderately permeable dark 
brown loam to clay loam separated from the lower subsoil by a thin stone 
line at a depth of approximately 24 inches. The lower subsoil is a 
somewhat more compacted loam to clay loam with glacial stones and pebbles. 
The substratum is a loam till, calcareous at depths of four to six feet. 
Floyd soils occur on slopes of one to three percent on concave lower 
slopes and at the upper end of drainageways and are formed from local 
alluvium over glacial till. Natural drainage is somewhat more restricted 
and the surface slightly thicker than the associated Kenyon soils. The 
subsoil is a gray and brown moderately permeable loam to clay loam while 
the substratum is calcareous loam till. The Kenyon and Floyd soils were 
formed under prairie vegetation. 
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Field Studies 
During the course of the study, detailed sampling of crops and soils 
from three existing, long-term field experiments was carried out. The 
rotation-fertility and organic matter experiments, located at the 
Carrington-Clyde experimental farm, and the manure-nitrogen experiment, 
located at the Howard county experimental farm, were selected for study. 
Rotation-fertility experiment 
This experiment was established in 1950 to determine the value of 
different cropping practices and to evaluate a basic principle of crop 
rotation i.e., the importance of a legume and grass mixture and the most 
desirable duration of such a mixture. 
Rotations under study in this experiment consisted of: (A) CCO, 
(B) CCOM, (C) CCOMM, (D) CCOMMM, and (E) continuous corn. The seeding 
for meadow (on a per acre basis) consisted of alfalfa (8 pounds), red 
clover (4 pounds), and timothy (2 pounds). Only rotations B, C, D, and 
E were sampled in the present study. 
The experimental design of the study was a split-plot randomized 
block with two replications of the rotation whole-plots. Each crop of all 
rotations was present each year. Each whole-plot is 20' X 107' and is 
divided into four sub-plots 20' X 26 3/4'. Fertilizer additions are as 
follows : 
Rotation A: 22 pounds of P and 42 pounds of K per acre to oats. 
Rotation B: 35 pounds of P and 66 pounds of K per acre to oats. 
Rotation C: 35 pounds of P and 66 pounds of K per acre to oats 
and 13 pounds of P and 25 pounds of K per acre to 
second year meadow. 
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Rotation D: 35 pounds of P and 66 pounds of K per acre to oats 
and 26 pounds of P and 50 pounds of K to second year 
meadow. 
Sub-plot a: Check 
Sub-plot b: 20 pounds of N per acre on first year corn for rota­
tions B, C, and D; 40 pounds of N per acre on second 
year corn for rotation A and second year corn on 
rotations B, C, and D. 
Sub-plot c: 40 pounds of N per acre for first year corn on rota­
tions B, C, and D; 80 pounds of N per acre on first 
and second year corn for rotations A and second year 
corn on rotations A, B, C, and D. 
Sub-plot d: manure at 4 tons per acre on first and second year 
corn for rotations A, B, C, and D. 
Corn (rotation E) 
Sub-plot a: 40 pounds of N per acre plowed under. 
Sub-plot b: 40 pounds of N, 13 pounds of P, and 25 pounds of K 
per acre plowed under. 
Sub-plot c: 80 pounds of N, 13 pounds of P, and 25 pounds of K per 
acre plowed under. 
Sub-plot d: 160 pounds of N, 13 pounds of P, and 25 pounds of K 
per acre plowed under. 
In addition to the above, 13 pounds of P and 25 pounds of K were applied 
to all corn plots in the row at planting time. At the time of initia­
tion, the rates of N for first and second year corn were 20 and 40 pounds 
per acre on sub-plots b and c, respectively, but were modified in 1952. 
The soil of the experimental site was discussed in a previous section 
under soils used in the greenhouse. 
Organic matter experiment 
The organic matter experiment was initiated in 1949 for the purpose 
of comparing the effects of several legumes, under various management 
practices, on the yields of succeeding crops in a four year rotation of 
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corn, corn, oats, and legumes. The rotation was established in four 
blocks, with each block containing a single crop in 20 plots (13 1/3' 
X 40') consisting of 10 treatments and two replications. Treatments were 
randomized in each block and consisted of the following: 
1. Red clover: first hay crop removed and the second plowed under. 
2. Red clover: both hay crops removed. 
3. Red clover: entire crop plowed under, 
4. Alfalfa: first hay crop removed and the second plowed under. 
5. Alfalfa: both hay crops removed. 
6. Alfalfa: entire crop plowed under. 
7. Sweetclover: clip two or three times and remove. 
8. Sweetclover: entire crop plowed under before ripe, 
9. Timothy: first hay crop removed and the second plowed under. 
10. Ladino: first hay crop removed and the second plowed under. 
Uniform additions of 13 pounds of P and 25 pounds of K were made to 
corn in the row at planting. Fertilizer additions to oats consisted of 
26 pounds of P and 50 pounds of K per acre. No additions of N have been 
made during the course of the experimental period. 
Soils on which this experiment was located are classified as a 
Kenyon-Floyd transition and the Kenyon series. 
Prior to 1955, treatment 10 consisted of soybeans drilled for hay 
at a rate of 120 pounds of beans per acre. In 1956, treatment 9 was 
changed to the present form from soybeans seeded at 60 pounds of beans 
per acre in the row for seed. 
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Manure-nitrogen experiment 
The manure-nitrogen experiment was established in 1946 to determine 
the relative effects of nitrogen fertilizers and barnyard manure in a 
four year rotation of corn, corn, oats, and meadow. 
The plan of this experiment consisted of growing each crop in the 
rotation in a separate phase. The four phases each contain six treat­
ments replicated twice in a randomized block design. Treatments are as 
follows : 
1. check 
2. 20 pounds of N to oats and to second year corn. 
3. manure at a rate of 8 tons per acre to second year corn. 
4. manure (8 tons) plus 20 pounds of N per acre to second year 
corn and 20 pounds of N to oats. 
5. 40 pounds of N per acre to oats and second year corn. 
6. manure (8 tons) plus 40 pounds of N per acre to second year 
corn and 40 pounds of N per acre to oats. 
Nitrogen was side-dressed and manure was plowed under for second year 
corn. A basic application of 26 pounds of P and 50 pounds of K per acre 
was made for oats and meadow. Both first and second year corn received 
13 pounds of P and 25 pounds of K per acre in the row at planting. 
The soil on which the experiment was located is classified as the 
Cresco series which occurs in association with the Lourdes and Clyde 
series. The Cresco soils are developed from two-storied parent material, 
with a stone line or pebble band separating the upper story from under­
lying clay loam glacial till. This soil is moderately well to somewhat 
poorly drained and occurs on slopes of one to nine percent. The black 
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loam surface is approximately 9 to 13 inches thick. The upper subsoil is 
a moderately permeable loam. Below the stone line, which occurs at about 
24 inches below the surface, the subsoil is a mixed yellow and gray firm 
clay loam. The substratum is a slowly permeable clay loam till. Carbon­
ates generally occur at about 3 1/2 to 5 feet. 
Plant sampling procedures 
Plant samples collected from the three field experiments consisted 
of corn, oats, and meadow. 
Each corn sub-plot (of the rotation series sampled) was sampled by 
collecting eight whole plants, representative of the plot area, when the 
corn was at approximately 75 percent silking. In 1963 the plants were 
collected from the two outside border rows, but due to excessive varia­
bility induced by a border effect, the procedure was modified in 1964 to 
include only the inside rows of the plot area. Green weight of the eight 
plants was determined. The plants were then run through a small forage 
chopper mounted on a trailer. Small representative samples of the chopped 
material (about 800 grams) were collected for moisture and laboratory 
analysis. Dry matter production at the time of sampling was calculated 
on the basis of plant counts made on the plots at maturity. 
Total dry matter production of the oat plots was determined by 
weighing the collected straw and grain from a 35 inch mower swath. 
Following threshing, the weight of grain was determined and small repre­
sentative samples of both straw and grain were taken for moisture and 
laboratory analysis. Field procedures consisted of removing all of the 
oat straw from the plot areas. 
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Measurements of dry matter production on the sampled meadow plots 
consisted of collecting and obtaining green weights of plant material 
from a 35 inch mower swath. In 1963 samples for moisture and laboratory 
analysis were taken by selecting at random small subsamples of the 
harvested material and compositing these for a single sample. This proce­
dure was modified in 1964 to the extent that samples collected for 
moisture and laboratory analysis were collected by taking small subsamples 
from each side of the mower swath area after plant material from this area 
was removed. 
All samples of plant material taken from the field experiments for 
moisture and laboratory analysis were oven-dried and ground in a Wiley 
mill to pass a 1 mm. screen prior to the analysis for N, P, and K. 
Soil sampling procedures 
Soil samples were taken from the field plots at depths of 0-6 and 
6-12 inches during the spring and again in the fall. Approximately 10 
to 12 individual soil cores were taken for each depth of sampling and 
composited for the sample. All soil samples were kept in a field moist 
state by sealing in a polyethylene lined sample bag prior to analysis. 
The samples were screened and thoroughly mixed before laboratory determine' 
tions were made. 
Laboratory Studies 
Incubation of soil 
A bulk sample of soil for this study was taken from plot 72 (check) 
of the rotation-fertility experiment. The collected soil was taken from 
the surface 0-6 inches during the fall of 1964 following the second year 
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meadow of a CCOMM rotation. The soil was placed in large polyethylene 
bags in the field to prevent moisture loss and screened in a manner 
previously discussed for greenhouse soils. 
Field moist soil, equivalent to one kilogram of oven-dry soil, was 
placed in number 10 cans in a manner similar to that described for the 
greenhouse experiments. Six kernels of Iowa 5782 corn (a double-cross 
hybrid) were seeded in the surface sand layer of each culture and allowed 
to grow for a period of 55 days in the greenhouse in order to reduce the 
exchangeable and soluble K level in the soil. Nutrients other than K 
were added to the bottom sand layer as described for tue greenhouse 
studies. Periodically, single cultures were dismantled and the soil and 
plant material sampled for analysis. 
After cropping, the soil was removed from the cans and screened 
through a 10 mesh screen, removing the majority of plant roots contained 
by the soil. The soil was then composited, thoroughly mixed, and sampled 
for moisture and laboratory determinations. The moist bulk soil was then 
divided into quantities equivalent to 200 grams of oven-dry soil, placed 
in pint jars, and sealed to prevent moisture loss. Treatments imposed 
were as follows: 
1. check 
2. corn stalk internodes (coarse) equivalent to 400 pp2m K. 
3. corn stalk internodes (fine) equivalent to 400 pp2m K. 
The three basic treatments were incubated at two moisture levels (M^ = 
21.4% and M2=30.07o and two temperature levels (T^=1°C. and T2=25°C.). 
Quantities of deionized distilled water were added gravimetrically to 
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the moist (21.4%) soil to obtain the high moisture level. Soils were 
mixed, following water additions, before residues were added. The 
temperature level was obtained by placing the samples in the cold storage 
room of the soil testing laboratory, while was attained by placing 
samples under normal room temperatures in the laboratory. Duplicate 
samples of each treatment were provided. 
The residue employed was K-enriched corn internodes described in an 
earlier section relative to the third greenhouse experiment. The coarse 
segment size consisted of segments approximately 1 1/2 cm. in length 
having an average dry weight of 0.292 grams per segment. The fine segment 
size consisted of segments 1 1/2 cm. in length but stalks were divided 
longitudinally such that the average dry weight per segment was 0.006 
gram. 
Cultures were incubated for 72 days. At the end of this period, 
residue segments were removed from the cultures and soils for each 
culture were mixed prior to sampling for exchangeable plus soluble K 
analysis. Extraction for exchangeable plus soluble K was according to 
procedures described under the soil analysis section. 
K diffusion measurements 
Diffusion measurements from crop residues were measured by con­
struction of Lucite plastic boxes, having inside dimensions of 25 X 2.5 
X 7 centimeters. Holes, 7 mm. in diameter, were drilled 1 cm. apart 
(from center to center) along one side of the container and fitted with 
stoppers. The container was so constructed that one end and the top 
were removable. Glass beads, having an average diameter of 31.5 p.., were 
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placed in the container, in a dry form, and packed to attain an apparent 
density of approximately 1.4. Approximately 80 percent of the beads were 
within a size range of 10 to 53 p.. diameter. Deionized distilled water 
was introduced to the top end of the system held in a vertical position 
and allowed to percolate through the system under the force of gravity. 
Air was permitted to escape by removal of a bottom stopper. Drainage 
was permitted until a moisture content of approximately 25 percent (on a 
dry bead basis) was obtained. Desired quantities of residues were then 
introduced to the system on one end by means of the removable plate. 
Caution was taken that residues were in close contact with the beads. 
The container was sealed with masking tape and placed in a horizontal 
position in a constant temperature room held at 23° centigrade. 
The glass bead matrix was sampled at one centimeter intervals from 
the residue K source by means of a cork borer placed through the holes 
in the side of the container. K was extracted with neutral one normal 
NH^OAc by shaking on a wrist action shaker for 30 minutes. After filter­
ing, K was determined on an EEL flame photometer. 
The bead matrix was sampled for moisture determinations by taking 
samples at intervals along the length of the container at both the top 
and bottom of the matrix. The system was found to contain a uniform 
distribution of water, therefore, the several moisture determinations 
were averaged to provide a means of adjusting the K content to a dry 
weight of beads basis. 
Plant ana lysis 
After oven-drying, plant samples from field experiments and ryegrass 
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from the greenhouse studies were ground in a Wiley mill and Thomas mill, 
respectively, to pass a screen opening of 1 millimeter. 
For the N, P, and K analysis, 0.50 gram samples of dried plant 
material were weighed on a torsion balance and transferred to a 100 ml. 
volumetric pyrex flask. The plant material was digested in 10 ml. of 
concentrated HgSO^ on a hot plate for 24 hours or until the material was 
completely digested. The digest was diluted to a final volume of 90 ml. 
by the addition of deionized distilled water. 
Nitrogen in the plant material was determined by pipetting 5.0 ml. 
of the dilute digest into a micro-Kjeldahl flask, adding 5 ml. of 5 N 
NaOH solution, and steam distilling into 5 ml, of a boric acid-indicator 
solution. Ammonium in the boric acid solution was titrated with 0.01984 
normal 
Phosphorus in the digest was determined by pipetting 5 ml. of the 
digest solution into a test tube and thoroughly mixing with 25 ml. of 
vanadomolybdate solution. Color intensity was measured on an Evelyn 
colorimeter using a 420 m/i. filter. 
Potassium was determined by pipetting 5 ml. of the digest into a 
two ounce sample bottle and mixing with 50 ml. of deionized distilled 
water. K was then determined by means of an EEL flame photometer. 
Soil ana lysis 
Tests on the soil samples taken during the course of this study were 
conducted by the soil testing laboratory. 
Field moist samples were analyzed by preparing a uniform mixture of 
soil and water. This was accomplished by weighing out the approximate 
equivalent of 100 grams of oven-dry soil into a mixing cylinder and adding 
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an amount of deionized distilled water sufficient to provide 200 ml. of 
water per 100 grams of oven-dry soil. The soil and water were stirred 
until a uniform mixture was obtained. Subsamples of this mixture were 
taken volumetrically, in the amounts needed for each analysis, while the 
soil and water mixture was being continuously agitated. Gravimetric 
determinations of moisture were made on the field moist samples and correc­
tions made where necessary. 
Each subsample for the nitrogen test consisted of 5 grams of soil in 
10 ml. of water. This sample was placed in a 16 X 150 mm. test tube, 
stoppered, and placed in an incubator at 40° C. for one week. Both 
initial and final (after incubation) NH^-N was determined by transferring 
the soil and water into a 100 ml. micro-distillation flask. The test 
tubes were rinsed with 12.5 ml. of 4 normal KCl solution which was then 
transferred to the distillation flask. Approximately 0.15 gram of ignited 
heavy MgO was then added to the flask. This mixture was then steam 
distilled for 4 minutes at a rate of 7.5 ml. per minute catching the 
distillate in 5 ml. of boric acid-indicator solution. The NH^ was titrated 
with 0.01786 normal HgSO^. 
Phosphorus was determined by placing a subsample consisting of 1.5 
grams of soil in 3 ml. of water into a 25 ml. shaking bottle and adding 
12 ml. of the extracting solution (commonly referred to as the Bray No. 1 
phosphorus extractant). The mixture was shaken in a mechanical shaker 
for 5 minutes and filtered. Ten ml. of the solution was mixed with 0.5 
ml. of a molybdate reagent. Color intensity was determined on an Evelyn 
colorimeter using a 660 m/i. filter. 
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The subsample of soil for the potassium determination consisted of 
2.0 grams of soil in 4 ml. of water placed in a 25 ml. shaking bottle. 
Exchangeable plus soluble K was extracted by neutral one normal NH OAc. 
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The mixture was placed on a shaker for 5 minutes and filtered. Potassium 
in the extract was determined by a Perkin-Elmer flame photometer. 
The subsample for soil pH determination consisted of 10 grams of 
soil in 20 ml. of water placed in a 50 ml. beaker. Samples were thorough­
ly stirred immediately before pH was determined with a glass electrode 
pH meter. 
Statistical Procedures 
Statistical analysis of the data was accomplished essentially by the 
methods presented by Snedecor (1956). The correlation and regression 
analysis, performed on the field data, were completed by the computation 
center at Iowa State University using an IBM 360 computer. 
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RESULTS AND DISCUSSION 
K Diffusion from Residues 
The occurrence of K in plant tissue is chiefly in the form of 
soluble inorganic salts. Therefore, it would appear likely that diffu­
sion of this ion, from plant materials, would prevail when the plant 
material comes into contact with a matrix providing a solution medium 
for diffusion. In order to test the validity of this assumption and to 
determine its magnitude, two experiments were conducted. 
Glass bead system 
The magnitude of diffusion from various crop residue materials into 
water held on an inert (glass bead) matrix was found to be appreciable 
(Figure 1). The maximum distance to which detectable quantities of K 
had diffused during the 8 to 10 day period was a relatively constant 11 
to 12 cm. from the K residue source, regardless of the K source employed 
or the rate of residue addition. By graphic integration of the three 
diffusion curves, it was determined that 67, 31, and 27 percent of the 
total K added in the residue material had diffused into the medium for 
the first, second, and third curves, respectively. Where corn stalk 
internodes, K-enriched to a concentration of 6,84 percent, were added at 
a rate of 500 pp2m (dry weight of beads basis) the concentration of K in 
the matrix, at a distance of approximately one cm. from the source, was 
1.14 mgm. of K per gram of dry beads. Reducing the rate of K added to 
200 pp2m, where the K source was alfalfa (2.58% K) and corn stalk inter­
nodes (1,03% K), resulted in a K concentration, at this distance, of 
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Figure 1. Diffusion curves of K, from various plant material sources, in a glass bead matrix 
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slightly less than one-fifth of that where K was added at the higher 
level. 
The K composition of K-enriched corn stalk internodes and of the 
internodes which were not enriched was 0.99 and 0.32 percent, respective­
ly, at the end of the diffusion period. 
From these diffusion measurements it would appear that the amount of 
K at a given distance from the source is directly related to the quantity 
of K added in the residue material. However, the distance to which the 
K diffused was not related to the amount of K added. The nature of the 
plant material appeared to have little or no effect. 
Soil system 
The movement of K from K-enriched corn stalk internodes into soil 
was studied in a soil sample in which the exchangeable K level of the 
soil had been reduced, prior to incubation, by intensive cropping in the 
greenhouse. The rate of K removal by the corn during this greenhouse 
cropping was determined by periodic sampling of the soil and plant 
material (Figure 2). Initially the depletion of exchangeable soil K was 
quite rapid. The exchangeable K was reduced from 128 to 53 pp2m following 
27 days of plant growth. The minimum value of 53 pp2m, obtained after 55 
days of cropping, represents the approximate lower limit to which 
exchangeable K of this soil is reduced by prolonged cropping. 
The amount of K removed by corn from the exchangeable K fraction of 
the soil was essentially proportional to the quantity of K contained by 
the aerial parts of corn plants following 27 days of cropping. With 
continued plant growth beyond this period, progressively larger quantities 
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Figure 2. Depletion of exchangeable soil K by corn prior to incubation 
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of soil K were extracted from forms which were initially nonexchangeable. 
Following 72 days of incubation, under moist conditions, after the 
greenhouse cropping, the exchangeable K level of the soil receiving no 
residue additions remained essentially at the level of maximum depletion 
(Table 3). This finding is in agreement with those reported by Verma 
(1963) for the moist incubation of three Iowa surface soils after reduc­
ing the exchangeable K level by cropping. This result indicates that 
the level of soluble K present during the moist storage period was 
sufficiently high to block any shift in an equilibrium level from the 
nonexchangeable to the exchangeable form. 
A great deal of work has been reported which shows the exchangeable 
soil K to increase with time following a reduction of this form by crop­
ping or some other form of extraction. This has generally been inter­
preted as the establishment of an equilibrium level which may be charac­
teristic for a particular soil. Unfortunately, in view of the findings 
reported by Luebs (1954) and others, a predominance of these data were 
obtained from soils which were allowed to dry at some stage of the 
investigations. The data reported by Luebs show that drying of soils 
increases exchangeable K (on a percentage basis) to a greater extent 
with soils having an initially low exchangeable K level. 
The diffusion of a cation through a soil system proceeds at a 
relatively slow rate. Phillips and Brown (1964) have shown the maximum 
distance to which Rb diffused, in an 18 hour period, to be only slightly 
over 0.5 cm. when a water saturated Sharkey clay was employed. The Rb 
self diffusion coefficient was found to decrease as the amount of 2:1 
lattice clay increased. Addition of a relatively concentrated source of 
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Table 3. Exchangeable K in soil incubated for 72 days as affected by 
residue additions and temperature of incubation 
Residue 
Temperature (°C.) Check Coarse Fine Average 
K (pp2m) 
1 43^ 361 458 287 
25 W ^ 460 336  
Average 49 427 459 
Statistical significance of variables: 
Source of variation Level of significance 
Residue icif 
h 
Moisture N.S. 
Temperature ic 
Residue X moisture N.S. 
Residue X temperature * 
Moisture X temperature N.S. 
Residue X moisture X temperature N.S. 
^Represents the average of two replications and two soil moisture 
leveIs. 
^Not significant. 
^^Significant at 1%. 
^Significant at 5%. 
K, such as that in crop residues, to a soil system could be expected to 
create a concentration gradient, in the exchangeable K of the soil, with 
very high values occurring adjacent to the K source. Considerable 
periods of time may be required for a uniform level of exchangeable K to 
be established in the system. 
Since the basic objective of this investigation was to determine 
the relative magnitude of K movement from added residues into the soil 
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medium, the soil was thoroughly mixed, following the removal of residue 
segments, in order to obtain uniform samples for analysis. 
The exchangeable K level of the incubated moist soil was increased 
essentially additively when the original exchangeable K level and the 
quantity of added K are considered. Addition of K in the residues equiva­
lent to 400 pp2m of K, increased the exchangeable K by approximately 400 
pp2m. Incubation at the lower temperature appeared to reduce movement of 
K from the coarse residue particles. However, analysis of the residue 
materials following incubation failed to verify this (K composition of 
the residue particles ranged from 0.06 to 0.10 percent following incuba­
tion) . 
Increasing the moisture level from 21.4 to 30.0 percent had no 
effect over the 72 day incubation period observed. The lower level was 
sufficiently high to allow nearly complete movement of K from the residue. 
Greenhouse Studies 
Several investigators (Fuller and Dean 1949, Fuller and Rogers 1952, 
and White e^ a_l. 1949) have employed greenhouse techniques in an evalua­
tion of the ability of plants to utilize phosphorus added to cultures as 
a plant material source. However, comparable information relative to K 
is extremely limited. 
Three experiments were conducted, under greenhouse conditions, in 
an effort to evaluate the availability of K in crop residue materials to 
actively growing plants. Ryegrass was grown for periods of 131, 146, 
and 169 days during the first, second, and third experiments, respective­
ly. The basic objective of the first study was to evaluate the influence 
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of a varied segment size of corn stalks on the ability of plants to 
utilize the K added in the residue material. The major objectives of the 
second and third experiments were to determine the quantity of K avail­
able from various crop residues, compared with a standard fertilizer K 
source, and to evaluate any influence of different K concentrations within 
a single residue material, respectively. 
K uptake as affected by residue segment size 
The total quantities of K assimilated in the harvested ryegrass 
indicate that K added in corn stalk residues provided a significant 
source of K available for plant utilization (Table 4). The uptake of K, 
in excess of the quantity found in the control treatment, attained a 
maximum value of 63 percent of that added in the residue when an 
equivalent of 10 tons of residue per acre was added in six cm. segments 
(Figure 3, treatment no. 9). 
The apparent strong influence of residue segment size on K availa­
bility can be largely attributed to nitrogen immobalization, by the added 
residue, early in the observation period. The addition of nitrogen to 
the cultures was accomplished by placing a nitrogen solution in the sand 
bottom of the cultures. Finely ground residue materials, mixed with the 
soil, resulted in a very rapid immobalization of this element which 
created an impediment to the developing root system and delayed the time 
when plants could utilize added nitrogen. This influence was expressed 
in decreased dry matter production and nitrogen composition of the plant 
material (Tables 9 and 10 of the Appendix). As evidenced by dry matter 
production, the influence of the nitrogen immobalization was largely over-
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Table 4. Uptake of K by ryegrass during the first greenhouse study as 
affected by rate and segment size of corn stalk additions 
Cutting 
Treatment no.^ 1 2 3 4 5 6 Total 
Mgm. K/culture 
1 54.3^ 53 .4  63 .7  29.5 34.0 31.5 266 .4  
2 29.4 43 .8  89 .2  46.5 37.0 42 .8  288 .7  
3 42 .0  53 .3  72.0 38 .6  34 .2  33.7 273 .8  
4 50.4 43.7 76.4 40.0 35 .4  41.8 287.7 
5 42 .4  57.4 73.3 43.0 38.0 40.4 294 .5  
6 33 .2  40.5 80.0 46 .9  43.3 46.0 289 .9  
7 40.0 54.8 80 .6  40.8 44.3 43.7 304 .2  
8 49.7 60.2 78 .4  39 .2  43.3 44.6 315.4 
9 55.0 63 .6  80.5 43.4 47.0 50.0 339.5 
Statistical^ comparisons: 
Check vs. residue * N.S. i<ic ** ** * N.S. 
5 T/A vs. 10 T/A N.S. N.S. N.S. N.S. •!ci< * * 
3 cm. vs. 6 cm. N.S. N.S. N.S. N.S. N.S. N.S. N.S. 
(5 T/A) 
3 cm. vs. 6 cm. N.S. N.S. N.S. N.S. N.S. N.S. N.S. 
(10 T/A) 
Ground vs. not ic N.S. VfîV N.S. N.S. N.S. N.S. 
ground (5 T/A) 
Ground vs. not icic N.S. N.S. N.S. N.S. N.S. 
ground (10 T/A) 
Cut vs. not cut N.S. N.S. N.S. N.S. N.S. N.S. N.S. 
(5 T/A) 
Cut vs. not cut N.S. N.S. N.S. N.S. N.S. N.S. N.S. 
(10 T/A) 
^Treatment identification 
1 Check 
2 5 T/A (57 mgm. K/culture), finely ground. 
3 " " " " ,3 cm. segments cut into 4 pieces the 
length of the segment. 
4 5 T/A (57 mgm. K/culture), 3 cm. segments. 
5 " " " " ,6 cm. segments. 
6 10 T/A (114 mgm. K/culture), as in treatment 2. y II tl II II II II M II 2 
0 II II II II II II H M ^ 
g II II II II II II II II ^ 
^Represents an average of four replications. 
^Statistical notations of significance are: N.S., not significant; 
significant at a 5% level; and , significant at a 1% level. 
TREATMENT: 2 3 
Y= 0Û083X-0.64 Y =0.0034X-0.26 
t^=0.880* * / =0.863 ^ * 
4-
4 5 
Y=0.0046X-0.24 Y=0.0063X-0.29 
r^=0.835 ^ * r^=0.964 * * 
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ive K uptake, as a fraction of the total added, for successive cuttings of 
s during the first greenhouse study (see Table 4 for a description of treatments) 
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come by the time the third harvest was taken. Where relatively large 
size residue segments were employed, this influence was much less pro­
nounced. 
The K composition of the ryegrass was greatly enhanced by the addi­
tion of K in residue material. This was most evident following the 
depletion of available soil K by the first two cuttings. The percent K 
in the plant material from the sixth cutting reached a minimum value of 
1.62 in the control treatment compared with 2.36 found in plant material 
from a treatment receiving 114 mgm. of K in segments six cm. in length. 
It is evident that the increased K composition of the plant material 
was not sufficient to offset the reduction in dry matter production when 
total K uptake is considered early in the experimental period. Signifi­
cant reductions in total K uptake were observed, as a result of adding 
finely ground residue, at both levels of residue addition for the first 
harvest and at the highest rate for the second harvest. Increases, over 
the control, were observed for all treatments in subsequent cuttings. 
The average increase, over the control treatment, in total K uptake for 
the experimental period where 57 mgm, of K were added in the residue was 
19.8 mgm. or the equivalent of 35 percent of the added K. Where 114 
mgm. of K were added this increase amounted to 45.8 mgm. of K or the 
equivalent of 40 percent of the added K. 
The linear regression of K uptake, in excess of the control treatment, 
expressed as a cumulative fraction of added K, on days of culture growth 
was found to be highly significant for all treatments employed in the 
study (Figure 3). Negative values are indicative of K yields in the 
control in excess of those found where residue additions were employed 
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and basically reflect the depressed production of dry matter resulting 
from the immobalization of nitrogen. In general it would appear that K 
availability was not greatly affected by segment size when this is con­
sidered apart from the adverse influence of nitrogen immobalization. 
This is indicated by similar slopes of the linear regressions. The major 
difference, resulting from the employed treatment, was a shift of the 
regression line in a negative direction when finer residue segments were 
added. 
Availability of K added in residues compared with £ standard K source 
The dry matter production of ryegrass in the second greenhouse 
experiment was significantly increased as a result of K additions in the 
form of different crop residues and as KCl (Table 12 of the Appendix and 
Figure 4). When the total dry matter from six cuttings was considered, 
the regression of dry matter yield on rate of K added was found to be 
essentially linear where corn stalks and alfalfa were employed as K 
sources. Significant departures from the linear were obtained when KCl 
and soybean residue were employed as the sources of K. 
The failure of dry matter production to maintain a linear relation­
ship with increased levels of K, where KCl was employed as the source of 
K, can probably be attributed to a reduced availability of sulfur in the 
cultures receiving relatively large additions of chlorine. A more 
detailed discussion of this aspect is presented in the following section. 
Relatively large depressions in dry matter production were found to 
result from the addition of soybean residue. These depressions were 
most evident at the time of the first harvest, but were still observed 
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when the second cutting was obtained. The initial depression was largely 
overcome by sizable increases in dry matter production, in subsequent 
cuttings, such that comparable dry matter yields were obtained when the 
total production was considered. This depression appeared to result 
from a substance, present primarily in the hulls, which was toxic to 
the developing root system of the ryegrass. This observation was based 
on the examination of ryegrass root systems grown in sand cultures to 
which soybean hulls were added in a band approximately one inch below 
the surface. Damage to the root system was quite evident in the treated 
area of the cultures. 
In general, increasing the level of added K, regardless of the K 
source employed, resulted in substantial increases in the K composition 
of ryegrass (Table 15 of the Appendix). Differences in K composition, 
resulting from an increased level of added K, were most pronounced during 
the early part of the cropping period. As the amount of K available for 
plant utilization was decreased, by continuous cropping, differences 
were much less pronounced. Because of the apparent toxicity of the 
soybean residue, increases in K composition at the time of the first 
harvest, which were characteristic of plants grown on cultures receiving 
other K sources, were not exhibited by cultures receiving this material. 
The K composition of plant material obtained from cultures receiving K 
as KCl and corn stalk residue was quite similar for each of the six 
cuttings. As an average the K composition of plants receiving alfalfa 
as a K source was somewhat lower compared with that where KCl and corn 
residue K sources were added. This can be attributed to a dilution effect 
since the dry matter production of cultures receiving alfalfa was somewhat 
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Figure 4. Total dry matter from six cuttings of ryegrass as affected 
by source and level of added K 
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greater than for other K sources. 
By plotting the relationship between total yield of dry matter and 
total yield of K, it was determined that this relationship could not be 
characterized by a single function for the various K sources employed. 
This would indicate that at least one variable factor, in addition to 
the controlled levels of added K, was exerting an influence on dry matter 
production. At the time of the first harvest the nitrogen composition 
of ryegrass produced by cultures receiving 150 and 200 pp2m of K from 
corn residue were depressed below that observed where comparable K 
additions were made utilizing a KCl source (Table 13 of the Appendix). 
The nitrogen composition of ryegrass obtained where alfalfa was added as 
a source of K was the highest of any observed treatment at this period. 
These observations indicate that the quantity of available nitrogen early 
in the experimental period, in addition to K availability, was affecting 
the yield of dry matter. This was also indicated by a series of linear 
correlation coefficients for some observed variables (Table 5). The 
correlation coefficient between dry matter and total nitrogen uptake 
(0.9531) was found to exceed the coefficient between dry matter and total 
K uptake (0.7164). The coefficient between total nitrogen and K uptake 
was 0.6608. Data pertaining to cultures receiving soybean residue were 
excluded in calculating these coefficients. 
Except for the soybean residue treatments, it was assumed that the 
total yield of K provided a good measure of the availability of K from 
the various K sources employed, even though dry matter production was 
affected by variable factors not completely controlled in this study. 
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Table 5. Linear correlation coefficients^ of observed variables in the 
second greenhouse study 
Variable 1 2 3 4 5 6 7 
2 
4 
5 
6 
3 
7 
1 1.0000 
0.7164 1.0000 
0.9531 0.6608 1.0000 
0.9056 0.5983 0.9056 1.0000 
0.6459 0.9463 0.5916 0.5180 1.0000 
0.7210 0.6221 0.7571 0.7420 0.6249 1.0000 
0.8179 0.5315 0.8486 0.8535 0.5200 0.9394 1.0000 
Variable identification: 
1. Total dry matter produced (grams/culture) 
2. Total K uptake (mgm./culture) 
3. Total N uptake (mgm./culture) 
4. Total P uptake (mgm./culture) 
5. Total K added (mgm./culture) 
6. N added in residues (mgm./culture) 
7. P added in residues (mgm./culture) 
^All coefficients are highly significant (beyond the 1% level). 
Data obtained from the soybean residue treatments were deleated in 
calculating the coefficients. 
The compensating effects of concentration and dilution of K in the plant 
material could probably adequately compensate for the differential dry 
matter production within the observed range. 
Increasing quantities of added K resulted in similar total K yields 
where equivalent amounts were added as KCl, corn stalk residue, and 
alfalfa (Figure 5), Slopes of the linear regression lines for the K 
sources varied only from 0.78 to 0.84 for these three K sources. The 
relatively lower slope (0.56) of the linear regression where soybean 
residue was employed can be attributed to a restriction in root develop-
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Figure 5. Total K uptake from six cuttings of ryegrass as affected by 
source and level of added K (in the equations, X is in units 
of mgm. of K/culture) 
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ment early in the observation period rather than to a differential avail­
ability of K. From these data it appears that essentially equal availa­
bilities of added K prevailed regardless of the K source employed. 
By expressing the total uptake of K as a cumulative fraction of 
added K it was determined that, for an average of four levels of K addi­
tion, an amount of K equivalent to approximately 90 percent (by excluding 
the soybean residue treatment) of that which was added was assimilated 
in the above-ground portions of the ryegrass during the experimental 
period (Figure 6). In general, increased levels of K addition depressed 
this fraction (Table 17 of the Appendix). A more vigorous growth of 
plants, where alfalfa was employed as the K source, resulted in a more 
rapid uptake of K early in the observation period. 
Utilization of K from £ single source having £ variable K content 
The purpose of the third greenhouse study was to evaluate the 
quantity of K available for plant utilization from a corn stalk residue 
source having a variable K content. The K-enrichment procedure used to 
obtain variable K contents in the corn stalk residue was described in an 
earlier section. 
During the course of this study a nutrient deficiency arose which, 
in the data presented, was reflected in the failure of increased K levels 
to increase dry matter production where KCl and K-enriched corn stalk 
internodes were employed as the K sources (Table 19 of the Appendix). 
This limitation on dry matter production was noted for the second harvest 
where KCl was added to the cultures. Periodic addition of 30 mgm. of 
sulfur, as MgSO^, to the sand bottoms of cultures was found to alleviate 
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this deficiency. No visible deficiency existed where non-K-enriched corn 
stalk internodes were added. 
Additions of chlorine have been shown to exert a significant antago­
nistic effect on sulfur uptake by various plants (Corbett and Gausman 
1950 and Nielsen e_t 1963). Since relatively large quantities of 
chlorine were added to cultures exhibiting the sulfur deficiency, it would 
appear that the antagonism of chlorine on sulfur availability was the 
principle causal mechanism involved in determining dry matter yields in 
this study. 
Both total dry matter production (Figure 7) and total yield of K 
(Figure 8) were found to be characterized by linear regressions of yield 
on added K. Total dry matter production was found to be greater where 
nonenriched corn stalk internodes were added as the source of K. This can 
be attributed primarily to the restriction on dry matter production 
imposed by a deficiency of available sulfur early in the experimental 
period. Differences in total yield of K were of a much smaller magnitude 
although the total K yield from cultures receiving corn stalk internodes 
and K-enriched corn stalk internodes was found to be significantly greater 
than from cultures receiving KCl as the source of K. 
The relatively greater rate of dry matter production experienced 
with the third greenhouse study, compared with the second, can be attri­
buted to a generally higher level of added nitrogen and to a greater day 
length since the third study was conducted primarily during the summer 
months. The total yield of K was found to be comparable where identical 
amounts of added K were compared. This general observation lends support 
to the previous assumption that total K yield provided a reliable index to 
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to K availability resulting from the various applied treatments. 
Where the cumulative K yield was expressed as a fraction of the 
total added to the cultures it was determined that the total K removal 
by the ryegrass was in excess of the added quantity in several instances 
(Table 24 of the Appendix and Figure 9). This result could be expected 
where a deficiency of K prevailed, in cultures not receiving additions 
of this element, to the extent that less vigorous plants failed to exploit 
the soil system in a manner comparable with cultures receiving additional 
K. This is reflected in the average exchangeable K levels of the soil 
following cropping where the addition of 50 and 100 pp2m of K resulted 
in slightly lower values compared with the control (Table 25 of the 
Appendix). 
In this study there appeared to be some evidence indicating that K 
added in a more concentrated form was somewhat more available for plant 
utilization. This is indicated by slopes of the regression lines (Figure 
8) of K yield on rate of K addition. Where KCl was employed as the 
source of K, a slope of 0,782 was observed. This compares with slopes 
of 0.964 and 1.05 where nonenriched corn stalk internodes and K-enriched 
corn stalk internodes were added, respectively. 
Where soils "fix" added K into a nonexchangeable form, fixation 
could be reduced by adding residues having a relatively concentrated K 
content since the time of K contact with the soil system would be delayed. 
Also, the addition of a given quantity of K to a specific volume of soil, 
utilizing a K source having a relatively high K concentration, would 
result in points in the soil system having a higher K content. This 
could be expected to reduce the total quantity of K fixed into a 
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nonexchangeable form. 
In the present study, quantities of K (in excess of the control cul­
tures) were removed by ryegrass in excess of the K added to the cultures. 
However, a relatively large quantity of K was taken up by plants which 
was not originally in the exchangeable form. The total exchangeable K 
reduction of greenhouse cultures on cropping amounted to approximately 
63 mgm. of K for the control cultures (Table 25 of the Appendix). There­
fore, approximately 60 percent of the K removed by control cultures was 
not accounted for by a consideration of the reduction in exchangeable 
soil K during the cropping period. A somewhat reduced availability of K, 
where KCl in solution was employed as the source of K, through a system 
of K fixation followed by release would account for the observed results. 
Field Studies 
The field investigations of this study were undertaken in an effort 
to evaluate the significance of K returned in crop residues as reflected 
by soil and plant analyses. Detailed sampling of soils and crops from 
three long-term field experiments permitted a fulfillment of this 
obj ective. 
Seasonal variability of exchangeable soil K 
By comparing the exchangeable soil K level in the spring with that 
in the fall, it was determined that an actively growing crop may markedly 
reduce this form of soil K during the growing season (Figure 10 and 
Tables 6 and 7). In 1963, first year corn grown in a CCOM rotation of 
the rotation-fertility experiment reduced the exchangeable K fraction, 
on an average, from 101 pp2m at the time of planting to 62 pp2m when corn 
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Table 6, Exchangeable K (0-6") as affected by the meadow crop, system of management, and seasonal 
influence in the organic matter experiment 
Treatment Corn (first yr.) Corn (se cond yr.) Oats Meadow 
5^^5/23) F^(10/5) S(5/23) F(10/5) F(9/28) F(9/28) 
1963 
v, (pp2m) I 
Red clover 88 68 115 88 84 1 118 
II II 
-2 62 68 117 70 114 ' 100 
II II 
-0 130 88 142 94 107 115 
Alfa Ifa -1 120 65 98 78 84 95 
I I  
-2 100 61 103 81 90 112 
M 
-0 130 84 139 96 146 126 
Sweetclover -2 140 104 108 97 86 140 
I I  
-0 144 80 150 104 122 162 
Timothy -1 123 80 164 111 124 144 
Ladino -1 120 73 122 74 99 111 
Average 116 77 126 89 106 122 
S(5/19) F(9/26) S(5/19) F(9/26) S(5/5) F(9/in S(4/14) F(8/18) 
1964 
(pp2m) 
Red clover -1 126 78 100 82 102 102 112 117 
M  1 1  
-2 121 92 104 90 120 102 120 111 
I I  I I  
-0 144 125 134 98 145 118 131 166 
^Indicates the number of hay crops removed during the season. 
Represents an average of two replications. 
^Spring sampling values. 
'^Fall sampling values. 
Table 6. (Continued) 
Treatment Corn (first yr.) Corn (second yr.) Oats Meadow 
Alfalfa -1 118 107 95 80 134 104 118 122 
11 
-2 113 104 88 82 116 113 121 100 
11 
-0 162 120 130 90 158 124 113 135 
Sweetclover -2 109 96 113 118 145 122 138 124 
II 
-0 150 111 136 100 212 146 123 136 
Timothy -1 148 118 118 106 168 142 116 134 
Ladino -1 144 100 128 101 144 110 121 141 
Average 134 105 115 95 144 118 121 129 
Table 7. Exchangeable K (0-6") as affected by the applied treatment and seasonal influence in the 
manure-nitrogen experiment 
Treatment Corn (first yr.) Corn (second yr.) Oats Meadow 
(5/23) F^ (10/4) S(5/23) F(10/4) F(9/28) F(8/9) 
1963 
(pp2m) 
Check 98^ 60 260 181 108 132 
N 90 60 246 178 116 78 
^2 
97 67 264 161 104 92 
M 121 70 307 290 137 146 
MN 112 74 383 334 156 168 
NNG 114 83 350 302 262 150 
Average 105 69 302 241 147 128 
S(5/29) F(10/2) S(5/29) F(10/2) S(4/17) F(8/28) S(4/17) F(8/28) 
1964 
(pp2m) 
Check 118 97 102 91 258 282 103 164 
N. 136 86 95 92 273 275 100 142 
^2 114 92 140 109 232 254 90 118 
M 152 146 153 128 371 418 170 226 
MN 196 132 170 114 354 342 140 211 
MN2 186 130 MI 130 360 204 2J2 
Average 150 114 135 110 308 320 134 182 
^Spring sampling values. 
Fall sampling values. 
^Represents an average of two replications. 
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plants were mature. A similar trend was observed for the organic matter 
and manure-nitrogen experiments where both first and second year corn 
were grown. For the organic matter experiment, average reductions from 
spring to fall amounted to 39 and 37 pp2m of exchangeable K for first and 
second year corn, respectively. For the same comparison on the manure-
nitrogen experiment, reductions of 36 and 61 pp2m of exchangeable K were 
noted. During 1964, plots in corn generally experienced a reduction in 
exchangeable K. However, the magnitude of the decrease was somewhat less 
compared with the preceding year. 
It was not possible to make a comparison between spring and fall 
values of exchangeable soil K on oat and meadow plots during 1963 since 
a spring sampling was not obtained. However, the exchangeable K status 
in the fall for those plots was reported. During 1964 a comparison of 
spring and fall exchangeable K values of the oat plots showed a slight 
decrease during the season when the rotation-fertility and organic matter 
experiments were considered. An average increase of 12 pp2m of exchange­
able K, from spring to fall, was observed on oat plots of the manure-
nitrogen study. 
During 1964 the meadow plots of all sampled experiments exhibited 
increases, from spring to fall, in exchangeable K when the average values 
were considered, A maximum increase of 39 pp2m of exchangeable K was 
observed on the rotation-fertility experiment. Chandler e^ a_l. (1945) 
have reported average decreases of 18 pounds of K per acre, from the 
spring to fall season, on areas of vigorously growing alfalfa. 
The differential behavior of plots in corn, compared with those in 
meadow, can probably be attributed to the extreme drying of the surface 
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soil of meadow plots. Prolonged dry periods occurred during the summer 
of 1964. At the time of fall sampling on the meadow plots, moisture 
contents ranging from 10 to 12 percent for the zero to six inch surface 
soil were observed. Although not specifically measured, it is probable 
that the moisture content of the surface one to two inches was much lower 
than the average for the zero to six inch depth. Luebs (1954) has shown 
that the exchangeable K of some Iowa surface soils, under field conditions, 
may release relatively large quantities of K to the exchangeable form 
when the moisture content was reduced to low levels (3 to 10 percent). 
The moisture content of corn plots at the time of fall sampling was con­
siderably greater than the meadow plots. Therefore, this would appear 
to be a plausible explanation for the differential behavior. 
Regression equations, relating the seasonal decrease of exchangeable 
soil K on the initial (spring) level, were calculated from the 1963 
(Figure 11) and 1964 (Figure 12) data of corn plots for the three experi­
ments . 
A significant quadratic relationship was determined (Figure 11) for 
the 1963 data. Increased initial levels of exchangeable K were found to 
result in a greater depletion of this form of soil K, However, the 
decrease tended to become constant at very high initial levels. This would 
be an expected result since only a specific quantity of K is required for 
plant assimilation. 
The point of intersection of the regression line with the independent 
variable axis is of considerable interest. This value indicates the 
minimum level to which exchangeable soil K was reduced under field condi-
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tions. The observed value of 43 pp2m of exchangeable K, obtained in 1963, 
is in very close agreement with the minimum value obtained under green­
house conditions. 
The regression of the seasonal (spring to fall) decrease in exchange­
able K on the initial (spring) level obtained from the 1964 data is shown 
in Figure 12. In view of the prolonged dry periods which occurred during 
1964, the relationship was somewhat more variable compared with the 1963 
data. However, a similar trend was evident. 
Exchangeable soil K £s_ influenced by crop residue additions and meadow 
management 
The exchangeable K status of soils may be extensively modified as a 
result of the cropping sequence employed (Figure 10). Similar trends 
were observed during both 1963 and 1964. However, the 1964 data exhibit 
more variability as a result of the drying effects. The following dis­
cussion is based primarily on the 1963 data for this reason. 
It should be indicated that the exchangeable soil K comparisons among 
the various rotations and between crops in the same rotation of the 
rotation-fertility experiment result from data obtained during a single 
season. Therefore, in order to make these comparisons, it is necessary 
to make the assumption that a uniform level of exchangeable soil K 
prevailed over the experimental area at the time the study was initiated. 
The exchangeable soil K was extensively reduced as a result of an 
increased duration of meadow in the crop rotation. A generally declining 
level of exchangeable K was observed in this study where the length of 
the meadow crop was increased from one to three years. The addition of 
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25 pounds of K for each year of meadow, beyond the first, was not suffi­
cient to meet the removal of K in the hay crop. 
Where plots received 25 pounds of K per acre each year and were 
cropped continuously to corn, the exchangeable K level of the soil was 
maintained at a level considerably higher compared with plots having one 
or more years of meadow in the crop rotation. During the spring of 1963, 
continuous corn plots receiving 50 pounds of K per acre each year had an 
exchangeable K level of 218 pp2m compared with 159 pp2m of exchangeable 
K where K was added annually at a rate of 25 pounds per acre. Thus, with 
other factors remaining constant, the exchangeable K level of soils can 
be expected to strongly reflect K additions in crop residues. 
Differential exchangeable soil K levels were also evident among years 
of a specific crop rotation (Figure 10). In general, the exchangeable 
K level was found to increase as a result of K additions from corn 
residues and to decline when meadow was grown in the sequence. This effect 
resulted in a cyclic trend within the rotation. 
In the organic matter experiment it was possible to directly observe 
the influence of K added to soils, in the form of green manure, on the 
exchangeable K status (Table 6). Proportional increases in exchangeable 
K with the amount of K added in the plant material were most evident at 
the time spring samples were taken, for first year corn, directly 
following the meadow crops. However, relatively large differences in the 
exchangeable K were observed during the spring sampling of the oat crop. 
This indicates that differential K levels are maintained through K 
additions in residues of corn. 
By comparing the fall and spring levels of exchangeable K, the 
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influence of K added to soils in crop residues was evaluated for the 
three experiments in a manner not affected by variability over an experi­
mental area (Figures 13 and 14). The fall and spring comparisons present­
ed are from the same plots. 
Additions of K in corn residues were found to greatly enhance the 
exchangeable K of soils by the time of the spring sampling. This is 
essentially in agreement with work presented by Rouse and Bertramson 
(1949) who found increases in the exchangeable K status of soils to be 
increased from 0 to 53 percent, from fall to spring, where corn was pre­
viously grown. A significant linear regression of the increase (fall to 
spring) in exchangeable K on the initial (fall) value was determined 
where corn was the previous crop (Figure 15). 
Sizable increases in exchangeable K, from fall to spring, were 
observed on plots when the meadow crop was terminated. This increase 
can be attributed to an addition of K by the root system of the fall 
plowed meadow and any growth which may have occurred following removal 
of the second hay crop. Smaller increases were noted on the rotation-
fertility experiment as the length of the meadow was increased. This 
would appear to be a result of a general deterioration in the meadow of 
longer term meadow sequences. 
Following the oat crop, only minor changes in exchangeable K were 
observed when fall values were compared with those in the spring. The 
harvesting procedure for the oat plots consisted of a complete removal 
of the aerial parts of oat plants. Where plots were maintained in 
meadow, the exchangeable K remained either essentially constant from 
fall to spring or experienced a slight decline. 
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These data emphasize the importance of K added in the form of crop 
residue materials. Under field conditions, soils, remaining essentially 
in an undried state, were found to exhibit an increased exchangeable K 
level only when K was added either in crop residue materials or fertilizers. 
Moist soils taken from the experimental site of the rotation-fertility 
experiment were found to maintain a stable exchangeable K level at the 
end of a 72 day incubation period even though this form of K was reduced 
to a very low level prior to the incubation. Therefore, when the soils 
under investigation were maintained in a moist state, there appeared to 
be no appreciable release of nonexchangeable K to an exchangeable form 
except where actively growing plants were present. It would appear that 
the concentration of K in solution was of sufficient magnitude to block 
the release of nonexchangeable K except where the concentration was 
reduced by actively growing plants. 
It was previously shown that the K added in crop residues is 
reflected extensively in the exchangeable K status of soils during the 
following spring. Therefore, where the exchangeable K level was deter­
mined in the fall it should be possible to improve the prediction of K 
yield in the following crop by including residue K as an independent 
variable in the equation. It would appear plausible that the prediction 
of K yield from fall values of exchangeable K and K added in residues 
should be approximately equivalent to exchangeable K values during the 
spring, provided that the majority of the K in residues has diffused into 
the soil system by the time of the spring sampling, that K added in 
residues was not "fixed" into a nonexchangeable form, and the sampling 
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procedure used was adequate to obtain truly representative samples. 
In order to further evaluate the significance of K added in the form 
of residue materials, regression analysis techniques were employed 
utilizing data from the organic matter and rotation-fertility studies 
(Table 8). Equations, relating the total K content of corn at silking 
to exchangeable soil K and estimates of K added from previous crop 
residues, were calculated for the organic matter experiment. Similar 
equations for all crops grown in the rotation-fertility experiment were 
determined. Where corn was the previous crop, estimates of K added in 
residue form consisted of the total K content in the aerial plant parts 
at silking. For a given crop, such as corn, the amount of K returned in 
the residue is directly proportional to the level of exchangeable K in 
the soil. Therefore, this procedure has certain limitations. 
Since the basic objective of the regression analysis was to evaluate 
the significance of K added in residue form as an independent variable, 
only the linear relationship for this variable was included. 
Equations one through eight demonstrate that the quantity of K added 
from the previous legume crop exerts a significant effect on the total K 
content of the following corn crop at silking. Including both fall 
exchangeable K and residue K as independent variables was found to result 
in a better equation compared with that having only spring exchangeable 
K in the zero to six inch zone. However, when the exchangeable K in the 
0 to 12 inch zone (spring) was employed, the relationship was considerably 
improved. The coefficients for K added in corn residues were found to be 
significant, when employed with fall exchangeable K values as independent 
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Table 8. Regression equations relating the K uptake by various crops to exchangeable K in 
previous crop 
Equation 
no.__ 
Partial regression coefficients (b. 
K 
s If K' slf K s2f K s2f 
K K 
sis 
Organic matter experiment (n=20) 
Y = K yield (lbs./A) of first year corn at silking, 1964 
1 + 38.4 +0.399 
+3.363** 
2 - 25.9 +1.39 -0.00364 
+1.287 -0.924 
3 + 34.5 +0.383 
+3.384** 
4 + 21.2 +0.593 -0.000765 
+0.491 -0.175 
5 + 12.0 
6 +102.5 
7 - 10.5 
8 +276.6 
+0.193 
+1.70511 
+0.182 
+1.3681 
+0.563 
+3.272** 
-0.822 
-0.381 
3 /N 
The equations have the general form: Y = a+zb.X.. The t value, providing a test of s 
below the b^ in the table. ^ ^ 
^^slf Exchangeable K (pp2m) in the 0-6" zone in the fall preceeding the crop year. 
K^2f Exchangeable K (pp2m) in the 0-12" zone in the fall preceeding the crop year. 
Exchangeable K (pp2m) in the 0-6" zone in the spring of the crop year. 
Kg2g Exchangeable K (pp2m) in the 0-12" zone in the spring of the crop year. 
Estimated K (lbs./A) returned in residue of the previous crop. 
^^Significant at the 1 percent level. 
^Significant at the 5 percent level. 
tfsignificant at a 10 percent level. 
fsignificant at a 20 percent level. 
to exchangeable K in the field-moist soil and K returned in the residue of the 
ssion coefficients (b.) Significance 
1 — of 
\ls KsZs \2b ^ ' regression 
er experiment (n=20) 
0.621 ** 
0.644 
0.690 ** 
0.690 * 
+0.563 0.611 ** 
+3.272** 
-0.822 +0.00518 0.623 * 
-0.381 +0.644 
+0.472 0.753 ** 
+4.854** 
-2.36 +0.00686 0.850 ** 
-2.558* +3.081** 
, providing a test of significance of individual b^ values, is presented immediately 
ling the crop year. 
iding the crop year. 
le crop year. 
;he crop year. 
:rop. 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2 0  
21  
22 
23 
24 
25 
26 
27 
28 
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(Continued) 
Partial regression coefficie 
h-
slf K s If 
K 
s2f K s2f K 
Y = K yield (lbs./A) of second year corn at silking, 1964 
+ 64.2 
- 79.3 
+ 54.2 
-159.9 
+ 44.9 
- 71.7 
+ 37.3 
-147.1 
+ 46.9 
+ 97.6 
+ 47.6 
+ 84.9 
+0.309 
+1.680t 
+3.66 
+3.454** 
+0.216 
+1.190 
+3.21 
+2.773* 
-0.0186 
-3.195** 
-0.0163 
-2.611* 
+0.266 
+1.90911 
+3.38 
+3.644** 
+0.197 
+1.4341 
+3.01 
+3.109** 
-0.011 
-3.38** 
-0.00979 
-2.926** 
+0.355 
+ 1 . 8 0 2 1  
+0.181 
+0.990 
+0.343,, 
+1.77611 
+0.200 
+1.187 
Rotation-fertility experimer 
Y = K yield (lbs./A) of first year corn at silking, 1964 
+ 21.4 +0.518 
+5.785** 
9.1 +1.3 
+3.061** 
-0.00378 
-1.836* 
+ 8.9 +0.438 
+6.575** 
- 33.7 +1.10 -0.00232 
22.1 
+2.925** 
-1.784ff 
+ 
+ 40.8 
+ 18.7 
+  2 1 . 2  
regression coefficients 
K K 
sis K' sis K s2s K' s2s R or r 
Significance 
of 
regression 
1964 
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+0.355 
+1.8021 
+0.181 
+0.990 
+0.343,, 
+1.77611 
+0.200  
+1.187 
+0.357 
+3.323** 
-0.583 
-0.838 
+0.379 
+4.300** 
-0.0198 
-0.031 
+0.00418 
+1.367t 
-fertility experiment (n=24) 
.964 
+0.00191 
+0.639 
+0.213 
+2.649* 
-0.210 
-0.310 
+0.263 
+4.455** 
+2.32 
+0.661 
+0.00116 
+0.630 
0.368 
0.678 
0.410 
0.709 
0.524 
0.701 
0.546 
0.737 
0.616 
0.664 
0.530 
0.545 
0.777 
0.811 
0.814 
0.841 
0.676 
0.683 
0.688 
+0.0000862 0.689 
+0.088 
t 
Mt 
tt 
** 
tt 
îV 
i{i'< 
** 
i( 
Mr 
•3<it 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
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(Continued) 
Partial regression coefficients ( 
*slf *slf ^s2f *s2f ^r ^sls 
Y = K 
+36.3 
-26.7 
+30.2 
-33.0 
+20.3 
-20.3 
+18.2 
- 1 8 . 0  
+12.7 
yield (lbs./A) of second year corn at silking, 1964 
+0.452 
+3.991** 
+2.12 
+3.157** 
+0.244 
+1.6531 
+1.65 
+1.872ÎT 
-0.00908 
-2.515* 
-0.00704 
-1.616t 
+0.332 
+4.242** 
+1.36 
+2.312* 
+0.193 
+1.783rt 
+0.895 
+1.186 
-0.00357 
-1.76ltf 
-0.00228 
-0.940 
+0.462 
+2.oiorr 
+0.225 
+0.847 
+0.423 
+1.78671 
+0.278 
+0.981 
+43.7 
+10.0 
+16 .0  
Y = K yield (lbs./A) of oats (grain + straw), 1964 
+38.8 
+29.6 
+27.9 
- 5.4 
+ 2 2 . 1  
+27.7 
+16.4 
+0.281 
+2.953** 
+0.520 
+0.983 
+0.151 
+1.71311 
-0,0146 
-0.031 
-0.00142 
-0.460 
+0.000955 
+0.358 
+0.267 
+3.824** 
+0.799 
+1.806TT 
+0.167 
+2.472* 
-0.00200 
-1.216 
+0.408 
+3.326** 
+0.421 
+3.228** 
+0.362 
+3.076** 
coefficients (b^) 
K 
sis K' sis K s2s K' s2s 
Significance 
of 
R or r regression 
+0.521 
+5.393** 
-0.0379 
-0.064 
+0.00231 
+0.962 
+0.359 
+5.183** 
+0.291 
+0.665 
+0.000181 
+0.158 
0.648 
0.744 
0.671 
0.722 
0.717 
0.755 
0.723 
0.737 
0.755 
0.766 
0.741 
0.741 
itic 
ici: 
** 
i<i< 
** 
0.533 
0.540 
0.632 
0 . 6 6 2  
0.729 
0.731 
0.765 
ici( 
ici! 
no 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
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(Continued) 
K 
slf K slf 
Partial regressic 
K 
s2f K' s2f 
+ 8.9 
+27.8 
+20.(L 
+ 22 .1  
+  8 . 0  
+0.298 
+0.692 
•0,000476 
•0.307 
Y = K yield (lbs./A) of meadow, 1964 (n=48) 
+43.2 +0,680 
+34.8 
+34.3 
+31.1 
+68.1 
+69.6 
+60.8  
+6.971** 
+0.853 
+1.3641 
-0.000829 
-0.280 
+0.506 
+7.938** 
+0.550 
+1.228 
-0.000135 
-0.098 
+70.4 
'8 
Partial regression coefficients (b^) 
(slf Ks2f K r *sls sis ^s2s ] 
+0.298 
+0.692 
-0.000476 
-0.307 
+0.347 
+2.688* 
+0.282 
+3.665** 
+0.406 
+0.625 
-0.000505 
-0.192 
+0.207 
+3.736** 
+0.357 
+0.622 
-( 
-( 
meadow, 1964 (n=48) 
.000829 
.280 
+0.506 
+7.938** 
+0.550 -0.000133 
+1.228 -0.098 
+0.399 
+5.909** 
+0.367 +0.000142 
+1.002 +0.088 
+0.302 
+6.114** 
+0.175 +0, 
+0.641 +0. 
K' 
sis K s2s K' s2s 
Significance 
of 
R or r regression 
-0,000505 
-0.192 
+0.207 
+3.736** 
+0.357 
+0.622  
-0,000380 
-0,262 
0,767 
0.616 
0,617 
0,623 
0,625 *•}< 
+0.000142 
+0.088 
+0.302 
+6.114** 
+0.175 
+0.641 
+0.000370 
+0.468 
0,717 
0,717 
0.760 
0.760 
0.657 
0,657 
0,670 
0.672 
ici< 
if if 
icic 
ific 
ifif 
irif 
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measurements, in predicting the K yield of second year corn in the organic 
matter study. 
The general effectiveness of including K added in crop residues as 
independent variables is typified by the equations presented graphically 
in Figures 16 and 17. The total K content of second year corn (Figure 
16) was increased by approximately 10 pounds of K per acre where K added 
as crop residues was increased from 45 to 90 pounds of K per acre. The 
total K content of the oat crop (Figure 17) was found to increase by 18 
pounds of K per acre where the residue K additions from second year corn 
was increased from 45 to 90 pounds of K per acre. 
Regression equations including exchangeable K measurements obtained 
from fall sampling and K added in crop residues, as independent variables, 
were equal to or superior to equations employing spring measurements of 
the exchangeable form of K. Including the exchangeable K in the 0 to 12 
inch zone was not found to materially improve the equations compared with 
those calculated from exchangeable K in the zero to six inch depth, 
although a few exceptions were noted. 
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SUMMARY AND CONCLUSIONS 
Considerable quantities of K may be added to the soil in the 
unharvested portion of crops resulting in a supply of K which may not be 
taken into account by soil analysis. However, the availability of K 
present in residue materials has received very limited attention. 
The major objectives of the present investigations consisted of 
determining the magnitude of K diffusion from a residue source into the 
surrounding medium, evaluating the availability of K added in residue 
form to plants in the greenhouse, and determining the importance of this 
form of K under field conditions. 
The magnitude of K diffusion from residues into water held on a 
glass bead matrix was found to be appreciable during relatively short 
periods of observation. Approximately 67 percent of the K added as K-
enriched corn stalk internodes was found to diffuse into the medium, at 
the end of an eight day diffusion period, where K was added at a rate of 
500 pp2m. Approximately 30 percent of the K added as alfalfa and non-
K-enriched corn stalk internodes diffused into the medium at the end of 
a 10 day diffusion period when added at a rate of 200 pp2m. The maximum 
distance to which detectable quantities of K had diffused during an 8 to 
10 day period was a relatively constant 11 to 12 centimeters. 
The addition of 400 pp2m of K as K-enriched corn stalk internodes 
to soil increased the exchangeable K of the soil by approximately 400 
pp2m during 72 days of moist incubation. Prior to incubation, the exchange­
able K level of the soil was reduced to 53 pp2m by intensive cropping in 
the greenhouse. Where no K was added to the moist soil, the exchangeable 
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K level remained essentially constant during this period, indicating that 
the concentration of K in the soil solution was of sufficient magnitude 
to block the release of nonexchangeable forms. 
A series of three grecnhcuce studies conducted in order to 
evaluate the availability of K added in residue materials to actively 
growing plants. Ryegrass was grown for periods of 131, 146, and 169 days, 
during which time five to six harvests of the ryegrass plants were made. 
The total yield of K in the aerial parts of the plants was taken as a 
measure of the availability of the added K. 
During the first greenhouse study an apparent strong influence of 
residue segment size on the K uptake by ryegrass could be largely 
attributed to nitrogen immobilization, by the added corn stalk, early in 
the observation period. This effect was most pronounced where relative­
ly fine corn stalk segments were employed. The total K uptake by the 
ryegrass did not appear to be markedly influenced by residue segment 
size when considered apart from the effects of nitrogen immobalization. 
A comparison of the total K yield from ryegrass indicated approximate­
ly equivalent availabilities of added K where K was added as KCl, corn 
stalk residue, and alfalfa (stems and leaves). Slopes of linear regres­
sions of total K yield (mgm. K per culture) on added K (mgm. K per 
culture) varied only from 0.78 to 0.84. The total K yield of ryegrass 
was not as high where soybean residue (stems and hulls) was added as a K 
source compared with other sources. This appeared to result from a 
substance, present primarily in the hulls, which was toxic to the develop­
ing root system of the ryegrass. 
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A third greenhouse study was conducted in order to evaluate the 
quantity of K available for plant utilization from a corn stalk residue 
source having a variable K content. Slightly greater quantities of K 
were assimilated by ryegrass from corn stalk internodes and K-enriched 
com stalk internodes than from a KCl source. Differences in dry matter 
production, resulting from additions of the various sources of K, appeared 
to be due to an antagonistic effect of chlorine on sulfur uptake by the 
plant. 
Detailed sampling, over a two year period, of soils and crops from 
three long-term field experiments provided a means of evaluating the 
influence of K added as residue materials under field conditions. 
By comparing the exchangeable soil K level in the spring with that 
in the fall, it was determined that an actively growing crop may markedly 
reduce this form of soil K during the growing season. For corn during 
1963, the regression of the decrease (spring to fall) in exchangeable K 
(pp2m) on the initial (spring) level of exchangeable K (pp2m) was charac­
terized by a quadratic relationship, Y = -23.5 + 0.62X - 0.00072 
2 (R = 0.780**). Increased initial levels of exchangeable K were found 
to result in a greater depletion of this form of K. Since a relatively 
limited quantity of K is required for plant assimilation, the decrease 
tended to establish a constant rate at high initial levels. 
The intersection of the regression line with the independent variable 
axis (43 pp2m) indicates the minimum level to which exchangeable K was 
reduced under field conditions during 1963. This value was found to 
agree very closely to that obtained under greenhouse conditions. 
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A similar trend was observed for the data obtained from corn plots 
during 1964. However, prolonged dry periods during the summer of 1964 
appeared to result in increased levels of exchangeable K rendering this 
relationship considerably more variable. 
The exchangeable K level of sampled meadow plots was found to 
increase, from spring to fall, during 1964. Very low soil moisture levels, 
at the time of fall sampling, lead to the supposition that this result 
was attributable to a release of nonexchangeable forms of K on drying. 
The exchangeable K status of soils was found to be extensively 
modified as a result of the cropping sequence. A generally declining 
level of exchangeable K was observed where the length of the meadow 
crop was increased from one to three years. However, the highest level 
of exchangeable K was found to occur on plots where continuous corn was 
produced, even though K fertilization was at comparable rates in all cases. 
Also, subplots receiving manure additions during the rotation period were 
found to exhibit considerably higher exchangeable K values. Within a 
single crop rotation, such as CCOMM, the exchangeable K was found to 
increase as a result of K additions from corn residues and to decline 
when meadow was grown, resulting in a cyclic trend within the rotation. 
These data emphasize the need for considering K additions in the form of 
residue materials and high rates of depletion by hay crops when formulat­
ing fertilizer recommendations for prolonged periods of time. 
By comparing the fall and spring levels of exchangeable K of the 
field plots, the increase in exchangeable K resulting from residue addi­
tions in the fall was determined. For corn the regression of the increase 
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(fall to spring) in exchangeable K (pp2m) on the initial (fall) level of 
exchangeable K (pp2m) was characterized by the linear equation Y = 25.7 
2 
+ 0.33X (r = 0.302**). Sizable increases in the exchangeable K, from 
fall to spring, were observed on plots when the meadow crop was terminated. 
This increase was attributable to an addition of K by the root system of 
the fall plowed meadow. 
The significance of K added in the form of residue materials was 
also evaluated by regression analysis techniques where the K yield of a 
crop served as the dependent variable and estimates of K added in residues 
and exchangeable soil K were employed as independent variables. Regres­
sion equations including exchangeable K measurements obtained from fall 
sampling and estimates of the K added in crop residues, as independent 
variables, were found to be equal to or better than equations employing 
spring measurements of the exchangeable form of K in predicting the K 
yield of the crop. 
When maintained in a field moist condition prior to the determina­
tion of exchangeable K, the soils under study in this investigation were 
not characterized by an equilibrium between exchangeable and nonexchange-
able forms of K, except when the exchangeable form was reduced to a very 
low level. Increases in the exchangeable K, from fall to spring, were 
found to be directly attributable to K additions in crop residue materials. 
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The degree to which exchangeable K was reduced during the growing 
season is of considerable practical significance. Where the exchangeable 
form of K is employed as a basis for predicting fertilizer requirements, 
it appears that this seasonal variability should be taken into considera­
tion. 
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Table 9. Dry matter production and composition of six harvests of rye­
grass during the first greenhouse study 
Harvest 
Treatment no. 1 2 3 4 
1.14b 
Dry matter (gm./cu Iture) Total 
1 1.33 2.69  1.59 1.69  1 .94  10.38 
2 0.61  1.05 2.86  2.08 1.62 2.15 10.37 
3 0.80 1.32 2.59 1.88  1.54 1.86 9.99  
4 1.02 0.93  2 .70  1 .94  1.52 1.97 10.08 
5 0.90  1.28 2.64  1.98 1.68 2.06 10.54 
6 0.67 0.89 2.61 1.87 1.75 2.16 9.95 
7 0.82 1.11 2.84 1.85 1.93 2.05 10.60 
8 0.94 1.39 2.88  1.69 1.79 1.98 10.67 
9 1.08 1.45 2.78 1.83 1.85 2.15  11.14 
1 4.71 
2 4.12 
3 4.64 
4 4.74 
5 4.76 
6 3 .87  
7 4.66 
8 4.97 
9 4 .68  
%N 
5.04 2.84 
4.94 2.78 
5.40 2.86 
4.29 3.20 
4.73 3.08 
4.92 2.81 
4.60 3.09 
4.81 2.72 
4.56 2.98 
2.85 3.62 
2.84 3.56 
2.68 3.59 
2.92 3.21 
2.84  3 .63  
3 .C4 3 .38  
2 .92  3 .32  
2 .83  3 .46  
2.86 3.57 
Average 
3.20 3.71 
3.56 3.63 
3.28 3.74 
3.42 3.63 
3.37  3 .74  
3.40 3.57 
3.24  3 .64  
3.20 3.66 
3.16 3.64 
1 0.495 
2 0.521 
3 0.520 
4 0.502 
%P 
0.410 0.311 
0.438 0.305 
0.438 0.299 
0.528 0.331 
0.409 0.362 
0.378 0.382 
0.356 0.399 
0.360 0.382 
Average 
0.324 0.385 
0.325 0.392 
0.325 0.390 
0.354 0.410 
^Treatment identification: 
1 Check 
2 5 T/A (57 mgm. K/culture), finely ground. 
3 " " " " ,3 cm. segments cut into four pieces 
the length of the segment. 
4 5 T/A (57 mgm. K/culture), 3 cm. segments. 
^ II (I IT II II G II II 
6 10 T/A (114 mgm. K/culture), as in tmt. 2. 
y I!  ( l  It  ! !  II  II  II  II  g  
g  îl  II  II  II  II  II  II  II  ^  
g 11 II  II  II  II  II  II  II  ^  
^Represents an average of four replications. 
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Table 9. (Continued) 
Harvest 
Treatment no. 1 2 3 4 5 6 
5 0.505 0.488 0.308 0.349 0.374 0.352 0.396 
6 0.535 0.448 0.305 0.444 0.424 0.340 0.416 
7 0.560 0.492 0.310 0.371 0.340 0.306 0.396 
8 0.525 0.458 0.280 0.410 0.398 0.370 0.407 
9 0.500 0.448 0.309 0.392 0.394 0.354 0.400 
Average 
1 4.76 4.02 2.38 1.88 2.02 1.62 2.78  
2 4.92 4.20 3.12 2.23  2.31 1.98 3.13 
3 5.28 4.06  2.79 2.05 2.24  1.80 3.04 
4 4.94  4 .68  2 .82  2.06 2.34 2.12 3.16 
5 4.71 4.58 2.78 2.17 2.27 1.94 3.08 
6 5.00 4.47 3.08  2.52 2.46  2.12 3.28  
7 4.86  4.92 2.84  2 .22  2.29 2.16 3.22  
8 5.25 4.42 2.74  2 .33  2.41 2.24 3.23  
9 5.04 4.41 2.92  2.37 2.54 2.36  3 .27  
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Table 10, Statistical comparisons for dry matter production and 
composition of six harvests of ryegrass grown in the first 
greenhouse experiment 
Harvest 
Comparison 1 2 3 4 5 6 
Dry matter 
* N.S. N.S. * N.S. N.S. 
N.S. N.S. N.S. ic ** N.S. 
N.S. N.S. N.S. N.S. N.S. N.S. 
N.S. N.S. N.S. N.S. N.S. N.S. 
N.S. N.S. N.S. N.S. N.S. 
îVïV VoV N.S. N.S. N.S. N.S. 
N.S. Yf* N.S. N.S. N.S. N.S. 
N.S. i< N.S. N.S. N.S. N.S. 
%N 
N.S. N.S. N.S. N.S. N.S. N.S. 
N.S. N.S. N.S. N.S. N.S. * 
N.S. N.S. N.S. N.S. N.S. N.S. 
N.S. N.S. N.S. N.S. N.S. N.S. 
ic N.S. N.S. N.S. N.S. N.S. 
iiic N.S. N.S. N.S. N.S. N.S. 
N.S. ** N.S. N.S. N.S. N.S. 
N.S. N.S. ic N.S. N.S. N.S. 
%P 
N.S. * N.S. N.S. N.S. N.S. 
N.S. N.S. N.S. ** N.S. N.S. 
N.S. N.S. N.S. N.S. N.S. N.S. 
N.S. N.S. N.S. N.S. N.S. N.S. 
N.S. N.S. N.S. N.S. N.S. N.S. 
N.S. N.S. N.S. * * N.S. 
N.S. ** N.S. N.S. N.S. N.S. 
N.S. N.S. N.S. N.S. * ic 
%K 
N.S. N.S. ** ia'c VfïV i'ci< 
N.S. N.S. N.S. iVVr N.S. 
N.S. N.S. N.S. N.S. N.S. N.S. 
N.S. N.S. N.S. N.S. N.S. N.S. 
Check vs, residue 
5 T/A vs. 10 T/A 
3 cm. vs. 6 cm. (5 T/A) 
3 cm. vs. 6 cm. (10 T/A) 
Ground vs. not ground (5 T/A) 
Ground vs. not ground (10 T/A) 
Cut vs. not cut (5 T/A) 
Cut vs. not cut (10 T/A) 
Check vs. residue 
5 T/A vs. 10 T/A 
3 cm. vs. 6 cm. (5 T/A) 
3 cm. vs. 6 cm. (10 T/A) 
Ground vs. not ground (5 T/A) 
Ground vs. not ground (10 T/A) 
Cut vs. not cut (5 T/A) 
Cut vs. not cut (10 T/A) 
Check vs. residue 
5 T/A vs. 10 T/A 
3 cm. vs. 6 cm. (5 T/A) 
3 cm. vs. 6 cm. (10 T/A) 
Ground vs. not ground (5 T/A) 
Ground vs. not ground (10 T/A) 
Cut vs. not cut (5 T/A) 
Cut vs. not cut (10 T/A) 
Check vs. residue 
5 T/A vs. 10 T/A 
3 cm. vs. 6 cm. (5 T/A) 
3 cm. vs. 6 cm. (10 T/A) 
^Statistical notations of significance are: N.S., not significant; 
*, significant at a 5% level; and , significant at a 1% level. 
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Table 10. (Continued) 
Harvest 
Comparison 12 3 4 5 6 
Ground vs, not ground (5 T/A) N.S. 
Ground vs. not ground (10 T/A) N.S. 
Cut vs. not cut (5 T/A) N.S. 
Cut vs. not cut (10 T/A) N.S. 
N.S. N.S. N.S. N.S. N.S 
N.S. N.S. N.S. N.S. N.S 
N.S. N.S. N.S. N.S. N.S 
N.S. N.S. N.S. N.S. N.S 
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Table 11. Soil analysis before and after growing ryegrass for a period 
of 131 days during the first greenhouse study 
Before cropping 
PH NH. -N 4 
P K 
(pp2m) (pp2m) (pp2m) 
6.80 21 24 104 
After cropping 
Treatment no.^ P K 
(pp2m) (pp2m) 
1 17^ 41 
2 14 46 
3 16 45 
4 17 46 
5 1"' 44 
6 16 44 
7 18 49 
8 18 46 
9 17 50 
^Treatment identification: 
1 Check 
2 5 T/A (57 ragm. K/culture), finely ground. 
3 " " " " ,3 cm. segments cut into 4 pieces the 
length of the segment. 
4 5 T/A (57 mgm. K/culture), 3 cm. segments. 
5 " " " " ,6 cm. segments. 
6 10 I/A (114 mgm. K/culture) as in tmt. 2. 
y I! II II II II II II II 2 
g II II II II M II II t! ^ 
g II II II II II II II M ^ 
^Represents an average of four replications. 
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Table 12, Dry matter production of six cuttings of ryegrass as affected 
by source and rute of K addition during the second greenhouse 
experiment 
Treatment 
Rate Cutting 
Source (pp2m) 1 2 3 4 5 6 Total 
Grams per culture 
Corn 0 1.19^ 2.40 1.92 1.81 2.15 1.21 10.68 
50 1.23 2.53 1.92 1.89 2.36  1.24 11.17 
100 1.16 2.56 1.97 1.95 2.26  1.30 11.20 
150 1.09 2.34 2.12 2.03 2.44 1.42  11.44 
200 1.23 2.64 1.91 1.92 2.48 1.32 11.50 
Soybean 0 1.29 2.21 1.90  1.79 2.21 1.21 10.61 
50 1.05 2.48  2 .22  2.08 2.30 1.40  11.53 
100 1.18 2.38 2.29 2.64 2.43 1.38 12.30  
150 0.72 2.12 2.61 2.74  2.40 1.49 12.08 
200 0.81 2.08 2.53 3.04 2.46 1.53  12.45 
Alfalfa 0 1.26  2 .47  2.00 1.90 2.26  1.44 11.33 
50 1.50 2.71 1.99 1.94  2 .28  1.33 11.75 
100 1.52 2.85 2.12 1.95 2.43 1.57 12.44 
150 1.65 3.16 2.31 2.06  2.47 1.45 13.10 
200 1.83 3.38  2.31 2.17 2.60  1.44 13.73 
KCl 0 1.25 2.40 1.86 1.78 2.18 1.28 10.75 
50 1.24 2.42  1.99 1.89 2.25  1.14 10.93 
100 1.34 2.66  1.97 2.00- 2.43  1.40 11.80 
150 1.38 2.80 2.12 2.06 2.45  1.25 12.06 
200 1.30 2.81 2.02  1.95 2.41 1.32 11.81 
Statistical^ significance: 
Source of variation 
Source of : K A* I'ci! ïVîV N.S. iric ** 
Level of K N.B. icic irit •>'oV ici< 
Source x level ïWf VfïV Vf iric N.S. N.S. ** 
^Represents an average of four replications. 
^Statistical notations of significance are: N,S., not significant; 
*, significant at a 5% level; and **, significant at a 1% level. 
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Table 13. Nitrogen concentration 
affected by source and 
greenhouse experiment 
of six cuttings of ryegrass as 
rate of K addition during the second 
Treatment 
Rate Cutting 
Source (pp2m) 1 2 3 4 5 6 Average 
%N 
Corn 0 4.59 4.35 3.79  4.18 5.03 5.60 4.59 
50 4.56 4.50 3.90  4.09 4.89  5.39 4.56 
100 4.50 4.49 3.90 4.16 5.03 5.12 4.53 
150 4.20 4.80 3.78  4.17 5.08 5.36 4.56 
2 00 3.92 4.42 3.94 4.28  4.99 5.23 4.46  
Soybean 0 4.54 4.65 3.92 4.09 5.00 5.26 4.58 
50 4.46 4.56 3.66  3 .99  4.92 5.20 4.46 
100 4.16 4.74 3.63  3 .87  4.74 5.16 4.38  
150 3.72 4.78 3.40 3.86  4.76 5.20 4.29  
200 3.51 4.98  3.95 3.77 4.71 5.02 4.32  
Alfalfa 0 4.38  4.52 3.92 4.05 4.80 5.26  4 .49  
50 4.50 4.69 3.82  4.01 4.73 5.55 4.55 
100 4.59 4.73 3.85 3.94 5.02 5.59 4.62 
150 4.80 4.52 3.62  3 .86  4.99 5.47 4.54 
200 5.06 4.58  3.51 3.96  4 .78  5.25 4.52 
KCl 0 4.44 4.60 3.99  4.09 4.73 5.28  4 .52  
50 4.56 4.64 3.86  3 .99  4 .72  5.32 4.52  
100 4.32 4.56 3.66  4.08 4.97 5.57 4.53  
150 4.36 4.50 3.64 3.95 5.11 5.14 4.45 
2 00 4.13 4.57 3.46 3.92  4 .90  5.33 4.38  
Statistical^ significance: 
Source of variation 
Source of K ** N.S. i!i< N.S. * 
Level of K N.S. N.S. N.S. N.S. 
Source x level N.S. N.S. N.S. N.S. 
^Represents an average of four replications. 
^Statistical notations of significance are: N.S., not significant; 
significant at a 5% level; and significant at a 1% level. 
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Table 14. Phosphorus concentration of six cuttings of ryegrass as 
affected by source and rate of K addition during the second 
greenhouse experiment 
Treatment 
Source 
Rate 
(PP2m) 
Cutting 
4 6 Average 
Corn 0 
50 
100 
150 
200 
0.409 
0.424 
0.421 
0.412 
0.390 
0.380 
0.398 
0.389 
0.380 
0.395 
%P 
0.480 
0.485 
0.502 
0.449 
0.491 
0.398 
0.382 
0.394 
0.389 
0.395 
0.284 
0.282 
0.298 
0.320 
0.292 
0.187 
0.204 
0.216 
0.219 
0 .201  
0.356 
0.362 
0.370 
0.362 
0.361 
Soybean 0 
50 
100 
150 
200 
0.408 
0.415 
0.418 
0.402 
0.391 
0.416 
0.379 
0.426 
0.406 
0.394 
0.491 
0.452 
0.464 
0.404 
0.392 
0.385 
0.370 
0.381 
0.340 
0.338 
0.290 
0.294 
0.322 
0.316 
0.328 
0.182 
0 .206  
0.204 
0.211 
0.219 
0.362 
0.353 
0.369 
0.346 
0.344 
Alfalfa 0 
50 
100 
150 
2 00 
0.426 
0.418 
0.399 
0.418 
0.415 
0.402 
0.434 
0.400 
0.399 
0.401 
0.481 
0.515 
0.492 
0.516 
0.518 
0.386 
0.380 
0.408 
0.404 
0.411 
0.279 
0 .286  
0.279 
0.306 
0.305 
0.191 
0.198 
0.221 
0.218 
0.205 
0.361 
0.372 
0.366 
0.377 
0.376 
KCl 0 
50 
100 
150 
200 
0.418 
0.430 
0.416 
0.436 
0.391 
0.415 
0.408 
0.402 
0.405 
0.385 
0.491 
0.461 
0.498 
0.476 
0.449 
0.393 
0.386 
0.381 
0.370 
0.367 
0 .299  
0.288 
0.279 
0.279 
0.275 
0.198 
0.184 
0.210 
0.190 
0.192 
0.369 
0.360 
0.364 
0.359 
0.343 
Statistical significance; 
Source of variation 
Source of K 
Level of K 
Source x level 
N.S. 
* 
N.B. 
N.S. 
VoV 
id: ** 
N.S. 
* 
N.S. 
N.S. 
N.S. 
Represents an average of four replications. 
Statistical notations of significance are: N.S., not significant; 
significant at a 5% level; and **, significant at a 1% level. 
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Table 15. Potassium concentration of six cuttings of ryegrass as affected 
by source and rate of K addition during the second greenhouse 
experiment 
Treatment 
Rate Cutting 
Source (pp2m) 1 2 3 4 5 6 Average 
%K 
Corn 0 3.65^ 2.47 1.62 1.42  1.29 1.22 1.94  
50 4.08  2 .86  2.05 1.68 1.48 1.35  2.25 
100 4.44 3.20 2.48  1 .94  1.73 1.45 2.54 
150 4.35 3.76 2.60  2 .28  1 .98  1.60 2.76  
200 4.19 3.69 2.78  2 .38  1.89 1.54  2.74 
Soybean 0 3.49  2.56 1.63 1.43 1.31 1.14 1.93  
50 3.59 2.82  1.90 1.53 1.40 1.19 2.07 
100 3.68  3.21 2.18 1.59 1.45  1.20 2.22  
150 3.41 3.28  2.50 1.68  1.62 1.21 2.28 
200 3.40 3.64 2.97  1.73 1.60 1.26 2.43 
Alfalfa 0 3.57 2.52 1.78  1.40 1.24  1.10 1.95 
50 3.95 2.63 1.92 1.40 1.29 1.09 2.05 
100 4.28  2.84 2.12 1.50 1.34  1.18 2.21 
150 4.67 2.93 2.26  1.55 1.42 1.18 2.35 
200 4.92  3.18 2.15 1.67  1.43 1.14 2.42 
KCl 0 3.45  2 .48  1.84 1.48 1.35 1.05 1.94 
50 4.12 2.87 2.03  1.55 1.41 1.15 2.19 
100 4.30 3.26  2 .38  1.78 1.53 1.21 2.41 
150 4.56 3.34 2.65  1.86 1.68 1.34  2.57 
200 4.40 3.60  2 .82  2.19 1.76  1.40 2.70 
Statistical^ significance: 
Source of variation 
Source of ^ K itif ici! iric ici< i{i< i!i( 
Level of K îV>V ici< ieic ici< idt 
Source x level if iiit ici< N.S. 
^Represents an average of four replications. 
Statistical notations of significance are: N.S., not significant; 
significant at a 5% level; and **, significant at a 1% level. 
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Table 16. K uptake from six cuttings of ryegrass as affected by source 
and rate of K addition during the second greenhouse experiment 
Treatment 
Rate Cutting 
Source (pp2m) 1 2 3 4 5 6 Total 
Mgm. K/culture 
Corn 0 43.4*  59.4 30.5  25 .7  27 .8  14.7 201.5  
50 50.2 72.2 39.3  31.7 34.9  16 .7  245.0 
100 51.0 81.2 48.8  37 .8  40 .0  19.0 277.8  
150 47.6 88.0  56 .8  46 .2  48.4 22.8  309 .8  
200 51.4 97.6  53 .3  45 .9  46.7 20.4 315.3 
Soybean 0 45.0 56.6  30 .9  25 .6  28 .9  13 .8  200 .8  
50 37.9  69 .9  42 .2  32.0 32.2  16 .6  230.8 
100 43.0 76.6 49.7  41 .8  35.2 16.6 262.9  
150 24.7 69.9  65 .2  45 .8  38 .8  18.1 262.5  
200 28.2  75.4 75.3 52.4  39 .4  19.4 290.1  
Alfa Ifa 0 45.0 62.1 35.4 26.6  27 .9  15.8 212.8 
50 59.4 71.2 38.4 27.0 29.4  14.5 239.9 
100 65.0 80.7 44.8  29 .3  32.7 18.6 271.1 
150 77.2 92.4 52.2 32.0 35.0 17.1 305.9 
200 90.2 107.4 49.6  36 .2  37.0 16.4 336.8  
KCl 0 43.2  59.4 34.3 26.4 29.4 13.4 206.1 
50 50.8 69.0  40.5 29.2  31.7 13.1 234.3 
100 57.5 86.5 47.0 35.6 37.1 17.0 280.7  
150 63.1 93.5 56.0 38.4  41.0 16.6 308.6  
200 56.8  98 .8  56.7 42.6  42 .4  18.6 315.9 
Statistical significance; 
Source of variation 
Corn (linear) 
(deviation) 
Soybean (linear) 
(deviation) 
Alfalfa (linear) 
(deviation) 
KCl (linear) 
(deviation) 
ici! 
N.S. 
icic 
N.S. 
icic 
N.S. 
isic 
N.S. 
Represents an average of four replications. 
^Statistical notations of significance are: N.S., not significant; 
*, significant at a 5% level; and **, significant at a 1% level. 
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Table 17. K uptake, expressed as a cumulative fraction of added K, 
from six cuttings of ryegrass during the second greenhouse 
experiment 
Treatment 
Rate Cutting 
Source (pp2m) 1 2 3 4 5 6 
Fraction of total K added 
Corn 50 0.16* 0.50 0.67 0.82  0.99 1.05 
100 0.09 0.38 0.59 0.75  0.90 0.96  
150 0.09 0.34 0.55 0.73 0.91 0.98  
200 0.05 0.31  0.45 0.58 0.70 0.74 
Soybean 50 -0.17 0.11 0.36 0.52  0.62 0.68 
100 -0.02 0.21 0.43 0.64 0.73 0.76 
150 -0.17 -0.08 0.21 0.39 0.48 0.51 
200 -0.11 0.00 0.28 0.46 0.53 0.56 
Alfalfa 50 0.41 0.73 0.88  0.90 0.92 0.92  
100 0.28 0.56 0.72 0.76 0.82 0.88  
150 0.29 0.58 0.75 0.80 0.86  0 .88  
200 0.31 0.63 0.74  0.81 0.87 0.88 
KCl 50 0.18 0.44 0.64 0.72 0.8C 0.77 
100 0.18 0.54 0.73  0.86 0.97 1.00 
150 0.17 0.47 0.68  0.79 0.50 0.92  
200 0.08 0.34 0.50 0.61 0.70 0.73 
^Calculated from (T-- C-)/added K; where T- is the mean K uptake 
of four replicates for the specific treatment, and C_ is the mean K 
uptake from 16 control observations. 
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Table 18. Test values of soil employed in the second greenhouse study 
before and after cropping with ryegrass for 146 days 
Before cropping 
pH NH^-N P K 
(pp2m) (pp2m) (pp2ra) 
6.8 52 20 114 
After cropping 
K added (pp2m) 
K source 0 12 100 150 200 Avera; 
Soil P (pp2m) 
Corn 18" 16 16 17 16 17 
Soybean 17 16 16 16 17 16 
Alfalfa 16 16 16 17 18 17 
KCl 17 16 15 16 16 16 
Average 17 16 16 16 17 
Soil K (pp2m) 
Corn 40 42 46 48 55 46 
Soybean 41 41 43 48 55 46 
Alfalfa 41 41 40 42 46 42 
KCl 39 40 42 45 49 43 
Average 40 41 43 46 51 
^Represents an average of four replications. 
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Table 19. Dry matter production of five cuttings of ryegrass as affected 
by source and rate of K addition during the third greenhouse 
experiment 
Treatment 
Rate Cutting 
Source (pp2m) 1 2 3 4 5 Total 
Grams per culture 
KCl 0 4.92* 3.04 4,05 3.59 1.83 17,43 
50 5.42  3.03 4,11 3.83 1.96 18.35 
100 5.18 3.01 3.93  3.79 2.05 17.96 
2 00 5.36  2,79 3.98  3.97 2.24  18.34 
400 5.71 3.01 3.96  4 .33  2 .54  19.55 
Corn 0 4.42  2.90 3.55 3.37 1.54 15.78 
50 5.19 3.17 3.84 3.67 1.83 17.70 
100 5.71 3.30 4.18 3.75 1.89 18.83 
200 5.60 4.20 4.30 3.86  2 .20  20.16 
400 4.77 5.36  4 .98  4 .84  2 .83  22 .78  
Corn; 0 5.27  3.10 3.90 3.45  1 .58  17.30 
K-enriched 50 5.28 3.01 3.71 3.60 1.82 17.42 
100 5.32 3.00 4.10 3.91  2.00 18.33 
200 5.39 3.04 4.23  4.10 2.27  19.03 
400 5.53 3.00 4.10 4.74 3.31 20.68  
Statistical^ significance: 
Source of variation 
Source of K N.S. -Mc N.S. N.S. N.S.  N.S. 
Level ' of K id: * i<i{ icic 
Source X level •itic * N.S. N.S.  
^Represents an average of five replications. 
^Statistical notations of significance are: N.S., not significant; 
*, significant at a 5% level; and **, significant at a 1% level. 
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Table 20. Nitrogen concentration of five cuttings of ryegrass as affected 
by source and rate of K addition during the third greenhouse 
experiment 
Treatment 
Rate Cutting 
Source (pp2m) 1 2 3 4 5 Average 
%N 
KCl 0 3.97* 4.43 3.67 3.80 4.45 4.06 
50 3.85 4.43 3.73 3.73 4.55 4.06 
100 3.88 4.41 3.85 3.68 4.55 4.07 
200 3.88 4.29 3.83 3.55 4.49 4.01 
400 3.55 4.07 3.70 3.28 4.18 3.76 
Corn 0 4.13 4.33 3.90 4.10 4.40 4.17 
50 3.55 4.01 3.53 3.74 4.37 3.84 
100 3.16 3.60 3.43 3.55 4.46 3.64 
200 2.83 2.95 3.06 3.49 4.45 3.36 
400 2.18 2.28 2.17 2.75 4.04 2.68 
Corn; 0 3.91 4.11 3.82 4.15 4.49 4.10 
K-enriched 50 3.71 4.15 3.83 4.13 4.49 4.06 
100 3.84 4.14 3.53 3.67 4.36 3.91 
2 00 3.51 3.95 3.39 3.43 4.42 3.74 
400 3.39 3.94 3.55 2.82 3.86 3.51 
Statistical^ significance: 
Source of variation 
Source of K ** itis N.S. N.S. 
Level of K ** ïVïV id< icit 
Source x level ïVïV i<-k N.S. N.S. 
^Represents an average of five replications. 
^Statistical notations of significance are: N.S. , not significant; 
*, significant at a 5% level; and significant at a 1% level. 
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Table 21. Phosphorus concentration of five cuttings of ryegrass as 
affected by source and rate of K addition during the third 
greenhouse experiment 
Treatment 
Rate Cutting 
Source (PP2m) 1 2 3 4 5 Average 
7oP 
KCl 0 0.281^ 0.409 0.316 0.399 0.394 0.360 
50 0.267 0.420 0.324 0.377 0,388 0.355 
100 0.275 0.431 0.329 0.382 0.388 0.361 
200 0.270 0.426 0.324 0 .379  0,388 0.357 
400 0.274 0.436 0.296 0.342 0.332 0.336 
Corn 0 0.283 0.389 0.341 0.387 0.370 0.354 
50 0.270 0.422 0.305 0.392 0.397 0.357 
100 0.254 0.407 0.311 0.383 0 .384  0.348 
200 0.276 0.363 0.309 0.370 0.371 0.338 
400 0.267 0.297 0.273 0.325 0.337 0.300 
Corn; 0 0.263 0.419 0.303 0.386 0.381 0.350 
K-enriched 50 0.269 0 .420  0.284 0.366 0.368 0.341 
100 0.274 0.430 0.291 —0.382 0.370 0.349 
200 0.276 0.427 0.302 0.367 0.344 0.343 
400 0.270 0.414 0.318 0.316 0.342 0.332 
Statistical^ significance: 
Source of variation 
Source of K N.S, ïV N.S. N.S. 
Level of K N.S. icit N.S. ** ** 
Source x level N.S. A* ** N.S. N.S. 
^Represents an average of five replications. 
^Statistical notations of significance are: N.S. , not significant; 
*, significant at a 5% level; and , significant at a 1% level. 
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Table 22. Potassium concentration of five cuttings of ryegrass as 
affected by source and rate of K addition during the third 
greenhouse experiment 
Treatment 
Rate Cutting 
Source Cpp2m) 1 2 3 4 5 Averagi 
%K 
KCl 0 1.56* 1.63 0.86 0.79 0.69 1.11 
50 1.85 1.78 0.99 0.82 0.74 1.24 
100 2.19 2.16 1.03 0.87 0.79 1.41 
200 2.73 2.46 1.32 0.99 1.67 
400 3.37 3.07 1.79 1.29 ' 0.97 2.10 
Corn 0 1.72 1.59 0.85 0.81 0.69 1.13 
50 1.86 1.84 0.98 0.88 0.76 1.26 
100 2.14 1.96 1.08 0.91 0.77 1.37 
2 00 2.78 2.05 1.40 1.12 0.86 1.64 
400 3.29 2.56 1.83 1.46 1.02 2.03 
Corn; 0 1.49 1.57 0.85 0.84 0.64 1.08 
K-enriched 50 1.94 1.96 1.03 0.95 0.76 1.33 
100 2.17 2.24 1.18 0.99 0.80 1.48 
2 00 2.75 2.58 1.56 1.20 0.94 1.81 
400 3.50 3.17 2.50 1.71 1.23 2.42 
Statistical significance: 
Source of variation 
Source of K N.S. ** ** * 
Level of K ** ** ** ** ** 
Source x level N.S. ** ** * 
^Represents an average of five replications. 
^Statistical notations of significance are: N.S., not significant; 
*, significant at a 5% level; and , significant at a 1% level. 
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Table 23. K uptake from five cuttings of ryegrass as affected by source 
and rate of K addition during the third greenhouse experiment 
Treatment 
Rate Cutting 
Source (pp2m) 1 2 3 4 5 Tota 1 
Mgm . K/culture 
KCl 0 76.4 49.3 34.9  28.5 13.0 202.1 
50 100.4 53.5 40.3 31.2 14.5 239.9 
100 113.1 64.7 40.6 33.0 16.3 267.7 
200 145.1 68.3  51 .8  39.1 19.0 323.3 
400 192.6 92.5 70.7 55.8 24.7 436.3 
Corn 0 73.9  45.2 29.6  27 .5  10.8 187.0 
50 96.7 58.2 37.4 32.3  14.2 238.8  
100 122.0 64.3 44.8 34.2 14.6 279.9 
2 00 155.8 86.1 59.9 43.2  19.0 364.0 
400 156.9 136.8 91.7 70.7 28.8  484.9 
Com; 0 78.4 48.6 32.9  29.0 10.2 199.1 
K-enriched 50 102.4 58.9 38.4 34.1 13.8 247.6 
100 115.5 67.1 48.8  38 .9  16.1 286.4  
200 148.1 78.5  65.0 49.0 21.4 362.0 
400 193.5 94.9 104.5 81.5 41.1 515.5 
b 
Statistical significance : 
Source of variation 
Source of K N.S. ** idc >Wf ic •J<i< 
Level of K ** ** iri! idc ** 
Source x level ** ** •icic id! ** •Jtit 
^Represents an average of five replications. 
^Statistical notations of significance are: N.S., not significant; 
*, significant at a 5% level; and , significant at a 1% level. 
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Table 24, K uptake, expressed as a cumulative fraction of added K, 
from six cuttings of ryegrass obtained during the third 
greenhouse experiment 
Treatment 
Rate Cutting 
Source (pp2m) 1 2 3 4 5 
Fraction of total K added 
KCl 50 0. ,65 0. ,80 1. ,01 1. ,09 1. ,12 
100 0. ,49 0. 72 0. 83 0. ,89  0. ,96 
2 00 0. ,46 0. ,60 0. ,73 0. ,80 0. ,85 
400 0. ,40 0. ,54 0. ,67 0. ,76 0. ,80 
Corn 50 0. ,55 0. ,83  0. ,96 1, ,07 1. ,15 
100 0. ,61 0. ,84 1. ,00 1. ,08 1. ,12 
200 0. ,53 0. ,79 0. ,97 1. ,07 1. ,12 
400 0. 27 0. ,57 0. ,77 0. ,91 0. 96 
Corn; 50 0. ,70 1. ,00 1. ,16 1. ,31 1. ,38 
K-enriched 100 0. ,53 0. ,78 1. ,00 1. ,14 1. 21 
2 00 0. ,48 0. ,69 0. ,90 1. ,04 1. ,11 
400 0. ,39 0. ,55 0. 79 0. 97 1. 07 
^Calculated from (T- - C-)/added K; where T- is the mean K uptake 
of five replications for the specific treatment, and G- is the mean K 
uptake from 15 control observations. 
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Table 25. Test values of soil employed in the third greenhouse study 
before and after cropping with ryegrass for 169 days 
Before cropping 
PH 
6.95 
NH, -N 4 
(pp2m) 
36 
P 
(pp2m) 
23 
K 
(pp2m) 
128 
After cropping 
K source K added (pp2m) 
0 100 200 400 Avéra 
Soil P (PP2m) 
KCl 28^ 24 26 22 20 24 
Corn stalk 26 20 20 16 13 19 
Corn stalk (K--enriched) 28 22 25 18 18 22 
Average 27 22 24 19 17 
Soil K (pp2ra) 
KCl 43 42 40 42 44 44 
Corn stalk 52 40 38 41 44 43 
Corn stalk (K- 36 « iâ 42 
enriched) 
Average 44 41 40 42 45 
Represents an average of two replications. 
Table 26. K yield and composition of crops and exchangeable K of soils from two sampled experiments, 
1963 and 1964 
Repli­
cation Treatment 
K 
yield and 
composition 
(lbs. K/A) 
1964 
%K 
Exchangeable 
K. fall, 1963 
0-6" 6"-12" 
pp2m pp2m 
K 
yield and 
composition K 
(lbs.K/A) %K 0-6" 
1963 pp2m 
Exchangeable 
, spring, 1964 
6"-12" 
pp2m 
Organic matter experiment 
First year corn 
at silking 
Meadow, total 
K returned 
1 R.C.- l*  94.6 1.10 141 31.7 132 63 
2 I I  58.4 1.10 96 22.6  12 0 79 
1 R.C.-2 71.7 0.99 84 0.0 114 65 
2 1 1  66.6  0.99 116 0.0 128 76 
1 R.C.-O 94.8 1.17 121 57.9 142 84 
2 1 1  78.2  1.17 109 50.0 146 67 
1 Alfa lfa-1 80.4 1.03 92 28.7 117 82 
2 f t  74.6 1.03 98 34.1 119 64 
1 Alfalfa-2 80.7 1.10 96 0.0 133 58 
2 I I  79.4 1.07 128 0.0 93 52 
1 Alfalfa-0 98.6  1.40 127 101.4 169 73 
2 90.6 1.25 126 94.8  155 52 
1 Sw. CI.-2 77.9 1.14 97 0.0 111 101 
2 I I  73.7 1.10 182 0.0 107 56 
1 Sw. Cl.-O 119.6 1.64 137 49.3 141 117 
2 I I  122.0 1.64 188 37.7 159 96 
1 Timothy-1 124.0 1.64 174 12.9 161 90 
2 I I  108.2 1.56 114 25.6 134 79 
1 Ladino-1 66.4 0.87 108 22.3  128 47 
2 I I  83.7 1.25 114 33.8  161 64 
^This number refers to the number of hay crops removed. 
Table 26. (Continued) 
Repli­
cation Treatment 
K 
yield and 
composition 
(lbs. K/A) %K 
1964 
Second year 
corn at silking 
1 R.C.-l 68.5 1.14 
2 I t  70.9 1.06 
1 R.C.-2 9 6 . 9  1.28 
2 M  75.0 1.03 
1 R.C.-O 111.8 1 . 6 8  
2 n  100.3 1.32 
1 Alfalfa -1 71.6 1.17 
2 I I  81.0 1.32 
1 Alfalfa-2 79.9 1.36 
2 I I  81.7 1.10 
1 Alfalfa-0 107.9 1.48 
2 I I  81.3 1.14 
1 Sw. CI.-2 82.0 1.36 
2 Sw. CI.-2 76.3 1.21 
1 Sw. Cl.-O 105.6 1 . 5 2  
2 ! t  97.4 1.44 
1 Timothy-1 9 8 . 4  1.44 
2 t t  8 2 . 4  1.44 
1 Ladino-1 8 6 . 9  1.14 
2 ! l  104.3 1.48 
Exchangeable 
K, fall. 1963 
0-6" 6"-12" 
pp2ra pp2m 
K 
yield and 
composition 
(lbs.K/A) %K 
1963 
Exchangeable 
K, spring, 1964 
0-6" 6"-12" 
pp2m pp2m 
First year 
corn at silking 
72 49 75.7 1.47 91 64 
64 4 0  75.5 1.26 108 70 
79 44 9 4 . 3  1.52 105 70 
57 44 4 9 . 3  1.05 112 6 8  
81 6 2  7 9 . 8  1.36 135 74 
95 47 62.5 1.11 133 93 
65 40 5 6 . 4  0.96 9 6  66 
65 48 6 7 . 5  1.20 94 58 
64 44 8 6 . 6  1.53 117 67 
58 50 5 5 . 2  1.00 59 48 
96 54 78.5 1.50 135 81 
71 49 55.8 0.99 125 9 6  
129 64 80.3 1.16 99 72 
78 57 6 0 . 8  1.12 127 108 
8 0  48 85.5 1.59 145 74 
79 58 81.6 1.30 128 8 6  
78 52 71.1 1 . 2 3  112 74 
8 2  51 91.1 1.44 125 6 8  
72 53 8 4 . 4  1 . 3 2  93 76 
74 51 105.2 1.62 164 8 2  
Table 26. (Continued) 
Repli­
cation Treatment 
K 
yield and 
composition 
Exchangeable 
K, fall, 1963 
K 
yield and 
composition 
Exchangeable 
K, spring, 1964 
(Ibs.K/A) % K  0-6" 6"-12" (Ibs.K/A) % K  0-6" 6"-12" 
1964 pp2m pp2m 1963 pp2m pp2m 
Rotation-fertility experiment 
First year • corn 
at silking 
1 CCOM a 6 6 . 3  0.99 8 3  50 154 62 
2 II II 60.7 0.95 77 40 131 57 
1 II b 65.1 0.95 8 2  40 131 63 
2 II II 54.4 0 . 8 2  6 3  40 78 45 
1 II c 65.7 0.87 94 3 8  100 47 
2 II II 54.3 0 . 8 7  94 48 117 6 6  
1 II d 92.1 1.17 166 60 158 130 
2 M II 99.5 1.32 117 5 6  154 73 
1 CCOMM a 44.6 0 . 6 8  62 40 79 41 
2 II II 45.7 0.79 58 3 6  105 64 
1 It b 44.7 0 . 6 6  6 6  3 8  79 51 
2 II II 65.2 0.87 60 3 9  60 40 
1 II c 45.2 0.68 59 3 4  8 6  51 
2 II II 55.4 0.87 61 40 73 45 
1 II d 72.5 1 . 0 6  76 4 6  119 53 
2 II II 100.5 1.21 8 8  5 6  99 58 
1 CCOMMM a 34.7 0.56 42 34 70 44 
2 II II 50.1 0.79 55 42 72 53 
1 II b 34.4 0.56 50 36 53 44 
2 II II 5 2 . 2  0.79 50 40 56 43 
1 II c 36.1 0 . 6 4  52 38 59 41 
2 II II 51.1 0.72 5 2  32 62 44 
1 II d 5 3 . 4  0.87 4 8  33 91 51 
2 II II 5 3 . 6  0 . 8 3  52 40 104 54 
Table 26. (Continued) 
K 
yield and 
composition 
(Ibs.K/A) %K 
1964 
Second year 
corn at silking 
1 CCOM a 64.1 0.99 
2 I I  I I  78.3 1.28 
1 I I  b 59.4 0.87 
2 I I  I f  51.0 0.79 
1 I I  c 44.0 0.79 
2 I I  I I  60.7 0.95 
1 I I  d 106.8  1.52 
2 I I  I I  116.4 1.54 
1 CCOMM a 48.7 0.95 
2 I I  75.0 1.03 
1 I I  b 57.2 0.76 
2 I I  I I  66.2  0.87 
1 I I  c 51.9 0.83 
2 I I  I I  66.0 0.87  
1 I I  d 92.9  1.28 
2 I I  I I  99.1 1.40 
1 CCOMMM a 39.8  0.64 
2 I I  I I  45.8  0.72 
1 I I  b 41.1 0.68  
2 I I  63.8  0 .76  
1 I I  c 51.5 0.79 
2 I I  I I  57.1 0.83 
1 I I  d 74.7 1.14 
2 I I  I I  68.8  1.06 
Repli­
cation Treatment 
K 
Exchangeable yield and Exchangeable 
K, fall, 1963 composition K. spring, 1964 
0-6" 6"-12" (Ibs.K/A) %K 0-6" 6"-12" 
pp2ir. pp2m 1963 pp2m pp2m 
First year corn 
at si Iking 
61 40 66.1 1.24 82 60 
63 48 68.4  1.29 114 64 
64 47 87.4 1.35 116 61 
65 44 68.8  0.99 104 54 
58 37 77.4  1.23 119 60 
57 36 63.3 1.17 105 48 
128 70 120.5 1.89  177 111 
129 75 87.4 1.35 182 70 
49 36 52.4 0.82 108 43 
48 30 47.1 0.82 102 54 
57 30 58.1 0.81 76 42 
40 31 57.0 0.90 76 41 
51 34 52.8 0.84 96 47 
58 38 57.3 0.93 106 42 
69 52 66.6 1.02 98 56 
70 41 83.9 1.42  129 50 
46 30 27.6 0.63 63 38 
43 40 59.5 0.90 77 52 
42 37 44.8 0.75 68 40 
45 32 53.0 0.75 79 47 
43 36 37.9 0.78 77 48 
50 36 57.7 0.92 100 58 
80 41 63.3 1.11 114 55 
152 69 74 .4  1 .26  80 41 
Table 26. (Continued) 
K 
yield and 
composition 
(Ibs.K/A) %K 
1964 
Oats 
(straw + grain) 
1 CCOM a 54.5  
2 I t  I t  51.6  
1 11 b 53.0 
2 I f  I f  61.3 
1 I t  c 53.0 
2 I f  1! 61.7 
1 I t  d 68.1 
2 I f  t f  86.1 
1 CCOMM a 42.7 
2 I f  I f  42.0 
1 I t  b 49.9  
2 I t  I t  34.6 
1 I f  c 58.1 
2 11 11 61.8 
1 I t  d 70.7 
2 I I  I t  73.2 
1 CCOMMM a 54.2 
2 I t  I f  53.7 
1 I t  b 47.6 
2 I t  I t  65.7 
1 t t  c 63.0 
2 I t  t t  71.1 
1 I I  d 69.3  
2 I t  I t  71.5 
Repli­
cation Treatment 
Exchangeable 
K, fall, 1963 
0 - 6 "  6 " - 1 2 "  
pp2m pp2m 
K 
yield and 
composition 
(Ibs.K/A) %K 
1963 
Exchangeable 
K, spring, 1964 
0-6" 6"-12" 
pp2m pp2m 
Second year 
corn at silking 
66 45 52.2 1.00 99 73 
69 47 81.5 1.18  98  67 
73 42 55.3 1.02 112 56 
62 44 60.9  1.14 123 54 
66 44 58.9  1.02 86 50 
75 50 73.5 1.14 90 55 
138 64 61.6  1 .26  134 65 
89 63 90.4 1.47  133 79 
55 40 45.0 1.22 93 70 
70 33 40.9 0.81 94 58 
45 39 53.7 0.84 105 62 
70 37 51.6 0.84  88  61 
62 38 59.1 1.02 74 69 
56 42 61.4 0.78  89  57 
90 45 82.6  1.46 180 93 
94 47 53.1 1.17 154 88 
52  32 44.8  0.98 90 71 
71 44 57.7 0.99 113 76 
42 33 50.2 0.82  106 55 
45 70 60.2  0 .88  90 53 
55 37 87.8  1.41 130 75 
80 40 70.3 0.96 102 71 
108 46 90.9 1.71 140 77 
101 46 95.6  1.47 142 90 
Table 26. (Continued) 
Repli­
cation Treatment 
K 
yield and 
composition 
(Ibs.K/A) %K 
1964 
Meadow, total 
of 2 cuttings 
1 CCOM a 106.7  
2  II II 127.1  
1  II b 103.0  
2  II II 119.3  
1  II c 102.3  
2  II II 107.1  
1  11 d  144.7  
2  II II 161.9  
1  ccom a 124.5  
2  II 11 123.0  
1  11 b  128.2  
2  11 11 108.6  
1  II c 110.7  
2  II 11 114.8  
1  11 d  159.2  
2  11 11 148.2  
1  CCOMMM a 120.1  
2  II II 101.7  
1  II b 107.9  
2  II II 105.3  
1  " c 104.0  
2 II It 106.9  
1  II d 131.5  
2  II II 112.1  
Exchangeable 
K, fall. 1963 
0-6" 6"-12" 
pp2m pp2m 
K 
yield and 
composition 
(Ibs.K/A) %K 
1963 
Exchangeable 
K, spring, 1964 
0-6" 6"-12" 
pp2m pp2m 
104 55 114 99 
158 60 111 51 
97 56 136 71 
89 60 76 54 
89 55 116 60 
106 56 96 73 
119 73 204 102 
141 83 138 90 
109 65 82 70 
106 59 45 39 
142 57 124 68 
67 46 108 78 
105 52 95 63 
97 48 104 53 
162 88 169 87 
101 51 157 56 
88 48  102 44 
65 45 57 41 
91 48 140 53 
97 46 85 73 
72 41 118 56 
92 41 165 50 
101 56 174 54 
115 56 81 57 
- I .  
ip2i 
46 
39 
46 
38 
58 
42 
50 
45 
36 
38 
38  
37 
36 
41 
40 
42 
46 
36 
39 
38 
40 
40 
62 
50 
(Continued) 
K K 
yield and Exchangeable yield and 
composition K, fall, 1963 composition 
(Ibs.K/A) %K 0-6" 6"-12" (Ibs.K/A) %K 
Treatment 1964 pp2m pp2m 1963 
f t  t f  
II 
11 11 
II 
n n 
CCOMM a 91.3 85 46 
93.1 69 46 
b 89.8 78 39 
99.4 74 35 
c 94.6 73 37 
106.2 70 34 
" d 98.4 88 48 
" " 119.4 96 41 
CCOÎ^ a 84.6 68 38 
81.9 57 40 
b 93.6 59 44 
61.7 61 36 
" c  86 .9  64  38  
" " 62.9 62 36 
d 86.8 88 42 
" " 76.5 88 45 
CCOMMM a 96.0 73 47 
" " 104.3 73 41 
b 91.8 69 37 
106.3 79 38 
c 67.0 79 39 
99.1 72 40 
d 47.5 87 43 
92.4 95 47 
